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PATENT 
871870-6 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicants: HEDMAN et al. 



Art Unit: 3643 



Serial No.: 10/014,727 



Filed: 



December 10, 2001 



Examiner: Kurt C. Rowan 



Title: METHOD OF KILLING ORGANISMS 
AND REMOVAL OF TOXINS IN 
ENCLOSURES 



DECLARATION OF MICHAEL GEYER UNDER 37 C.F.R. § 1.132 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

1, I, the undersigned, am a registered Professional Engineer, a California-Licensed 
General Contractor, Board-Certified Industrial Hyglenlst and Board-Certified 
Safety Professional, and I am familiar with forced-convection stmctural heat 

treatment as described in United States Patent No. 6,327,812 and in the above- 
referenced patent application. The above-referenced patent application 
represents a method of heat treatment that includes a new process of filtering air 
during heating to remove fine, potentially harmful particulate matter. 

2. This declaration is submitted to rebut the Examiner's rejection of Claims 18-23, 
26-30, 36, and 40-43 under 35 U.S.C. § 103(a) as obvious, in the Office Action 
mailed September 21, 2004. In this declaration, I present objective evidence to 
show that it would not have been obvious to modify a simple themial eradication 
process using forced convection, as disclosed by the Forbes patent, to add art 
equivalent level of filtration of heated air as described in the present application. 
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3. I have no financial stake in whether or not the present application issues as a 
patent. I have not and will not receive any compensation for preparing this 
declaration. 

4. I have been engaged in the area of residential construction since 1977. 
professional engineering since 1985, and industrial hygiene and safety since 
1990. I first became involved with thermal eradication methods using forced 
convection for treatment of structures, beginning around 1995. Since that time, I 
have participated in the heat treatment of numerous structures and maintain 
active contacts with those in the industry. 

5. The present invention significantly differs from prior art heat-treatment and pest 
eradication methods, such as disclosed by U.S. Patent No. 4,817,329 ("Forbes"), 
by providing for heat-tolerant air filtration to remove fine, potentially harmful 
particulate matter. I am personally familiar with the practice and results achieved 
by both filtered and non-filtered heat treatment methods. I have previously heat- 
treat structures without filtration and without the l<nowledge of filtration benefits. I 
have found the use of filtration as taught by the present application to be 
surprisingly effective in controlling fine particulate concentrations during heat 
treatment, as further described below. 

6. I have measured and analyzed airborne particulates during unfiltered heat 
treatment of structures as disclosed in the Forbes patent. Using sophisticated 
MIE Real-time aerosol monitors (mini-RAM) and collecting samples of both 
resplrable and total particulate aerosols, I have analyzed these samples using 
simple gravimetric methods and microscopic methods Including the use of 
scanning electron microscopy. Based on these results, I have detected 
particulate concentrations four to six orders of magnitude higher (i.e., greater by 
a multiple of 10'* to 10^) during forced-convective heating without filtration, than 



LA2:750257.1 



Serial No. 09/218,309 
February 22, 2005 
Page 3 

before heating was initiated. Moreover, the type and concentration of biological 
materials aerosolized during heat treatment have been surprisingly large. These 
measurements were made In both residential and commercial structures that 
were vacant, had only minor visible mold colonies, If any at all, and moderate 
levels of cleanliness. 

7. I have also measured particulate levels during heat treatment efforts when used 
in conjunction with heat-tolerant HEPA-fiitered air scrubbers during the forced 
convective heating process. I have observed that the use of heat-tolerant 
filtration significantly controls aerosol particulate concentrations to within 
acceptable levels. In fact, I have often observed that the use of heat-tolerant 
filtration reduces the particulate concentration below background (pre-heat) 
conditions when used on a continuous basis. I have observed that the use of 
heat-tolerant filtration has greatly reduced the need to clean the work area post- 
heat, and controlled potentially harmful aerosols which workers and/or building 
occupants, would otherwise have otherwise been exposed to. I now consider the 
heat-treating of a structure without adequate filtration to control potentially 
harmful aerosols to be an egregious act, and, depending upon the 
circumstances, a negligent act that breeches the standards of care. 

8. Thermal eradication methods without filtration are usually performed under 
positive pressure conditions by blowing air into the structure being treated. 
Some leakage of heated air from the structure Is expectisd and even encouraged, 
as it is thought to promote air flow and heating of othenvise Inaccessible areas, 
and prevent excessive pressure build-up. In some structures, this leakage can 
be fairly substantial, and it could be expected to remove some harmful airborne 
matter from controlled areas and into uncontrolled areas of a structure via 
convective transport. However, my measurements, as reported above, have 
shown that this leakage is not sufficient to prevent large increases in airborne 
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particulates within the treatment area, nor significantly remove airborne material 
present In the heated space. Moreover, I strongly believe that too much leakage 
will reduce effectiveness of the heat treatment effort by contributing to heat loss 
and lower heat-distribution uniformity 

9. Surprisingly, combining heat-tolerant air filtration with active venting substantially 
reduces particulate levels without excessively Increasing heating requirements 
(i.e., the heat load). This result is unexpected. One of ordinary skill would not 
have considered the possibility or benefits of air filtration, because air filtration 
was not practiced for any reason in typical pest eradication activities performed 
prior to 1 995. Also, air was already being removed from the structure during heat 
treatment via leakage, and so filtration would merely increase this removal and 
would not have been expected to cause dramatically different results. Even if 
one of ordinary skill had considered the possibility of continuous filtration and 
venting, it would have been rejected as too expensive, too complicated and likely 
to cause excessive heat loss without a corresponding benefit. 

10. I am not the only person that now recognizes the surprising benefits of 
aggressive air filtration during heat treatment. For example, Dr. Sean Abbott, 
Ph.D., an expert in the diagnosis and treatment of indoor air quality problems 
caused by mold and other fine substances, also recognizes the benefits of air 
filtration during thermal remediation. A statement by Dr. Abbot to this effect is 
attached as Exhibit A. 

11. Based on information and belief, common thermal eradication methods for 
structural pests (e.g., termites) were known since about 1989, or about ten years 
prior to air filtration combined with heat treatment, as first introduced by Hedman. 
Despite this long period of use, the benefits of air filtration during thermal 
eradication were not recognized, even though suitable heat-tolerant air filters 
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were also known since before 1989. Moreover. It was not recognized that heat 
treatment caused a con-espondingly large increase in fine particulate aerosols to 
be generated inside the treated structure. There was no recognized need for 
continuous air filtration during heat treatment. The long co-extensive period of 
use of thermal eradication and air filtering (e.g., during asbestos remediation 
efforts), without any adaptation of air filtering to thermal eradication, shows that 
the use of air filtering In conjunction with thermal eradication was not obvious. 

12. In my experience, those of ordinary skill employing thermal eradication for 
termites and other pests are generally not trained to recognize hazards regarding 
indoor air quality during non-chemical treatment, nor trained In the professional of 
aerosols and aerodynamics, nor with methods for controlling fine airborne 
particulates. To the contrary, thermal eradication Is rightly understood as being 
free of the airborne (e.g., chemical) hazards associated with traditional 
pesticides. Therefore, those of ordinary skill would not have perceived the risk of 
increased airborne particulates from thermal eradication, nor with methods for 
controlling said particulate matter. 

13. Also, the reasons why thermal eradication causes large increases in airborne 
particulates are complex, and are still not well understood. I have hypothesized 
that aggressive air movement keeps fine particles airborne that would otherwise 
settle out, and Increased static electrical charges may Induce particles to become 
alrbome. In addition, heating may play a dual role by reducing available water 
molecules In the air thereby reducing the weight of porous particles, and also by 
drying out moist particles such as mold on surfaces of the structure; which then 
become airborne when they sporilate. Generally, the generation of fine airborne 
particles is probably due to a complex combination of factors rather than a single 
cause. One of ordinary skill in insect eradication is simply not trained to 
anticipate complex phenomena of this type, nor understand the physics of 
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particulate aerodynamics and fate and transport, and would not have anticipated 
the large increases in particulates that thermal eradication in fact creates. For 
the most part, these airborne particles are invisible to the naked eye and only 
specially train persons using sophisticated equipment (e.g., mini-RAMs) can 
detect and/or measure fine particulate aerosols. 

14. Particles created during thermal eradication are generally microscopic in size and 
invisible, or nearly invisible, to the naked eye. Based on information and belief, 
those using thermal eradication to control termites and other pests were not 
aware of increases in airborne particulates prior to the present invention; there is 
no significant published literature in the pest eradication industry suggesting 
othenvise. Because the increased concentration of fine airborne particulates is 
generally invisible, with no odor, and easily inhaled by workers and/or building 
occupants, the potential harm and/or injury may not cause immediate effects in 
most people. Therefore, the increased concentration of fine airborne particulates 
would not have been obvious or detected to those of ordinary skill in the pest 
eradication business. Even now, some pest eradication businesses continue to 
perform thermal eradication without awareness of this issue and its potential 
hazard, and do so without air filtration to control elevated particulate 
concentrations and mitigate potential injury to persons exposed to the aerosol.. 
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15. I hereby declare that all statements made herein are of my own knowledge, are 
true, and that ail statements made on infonnation and belief are believed to be 
true; and further that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 




Februarv 19. 2005 



Michael Geyer. PE, CIH, CSP 



Date 
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PATENT 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicants: HEDMAN et al. 



Title: METHOD OF KILLING ORGANISMS 
AND REMOVAL OF TOXINS IN 
ENCLOSURES 



DECLARATION OF DR. MICHAEL LINFORD UNDER 37 C.F.R. S 1.132 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

1. I. the undersigned, am the founder of TPE Associates, a company that licenses 
and trains pest extermination companies In the process of Thermal Pest 
Eradication (TPE) as described in United States Patent No. 6,327,812 and In the 
present application. I am personally familiar with the practice of TPE, which 
Includes a new process of filtering air during heat treatment to remove fine 
particulate matter. 

2. This declaration is submitted to rebut the Examiner's rejection of Claims 18-23, 
26-30, 36, and 40-43 under 35 U.S.C. § 103(a) In view of Forbes and Montellano 
in the Office Action mailed September 21, 2004, by showing that It would not 
have been obvious to combine a process for removing and capturing flying 
insects from a structure, as disclosed by Montellano, with a process for heating a 
structure to kill boring or crawling insects, as disclosed by Forbes; and that even 
if these references were combined, the present invention does not result 
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3. I have been actively involved in the business of pest control for over forty years. 
Recognizing the benefits of non-chemical pest control methods, I worked with Dr. 
Charles Forbes and Dr. Walter Ebeling to develop and commercialize their idea 
of using elevated temperatures and forced convection for eradication of insects 
(the Torbes Method"), as described in Forbes. 

4. My company is cunrently licensed to use Patent No. 6,327,812. Upon information 
and belief, should the present application issue as a patent, my company may 
also be Interested in obtaining a license or other rights to it. Whether or not the 
present application issues as a patent, however, will not have a material effect on 
my personal financial position or that of my company, TPE Associates. I have 
not received, and will not receive, any compensation for preparing this 
declaration. 

5. I am familiar with the Forbes Method and how it differs from the TPE method 
described in the present application. At least one important difference concerns 
filtering of heated air from inside of the structure. Such filtering is not disclosed in 
Forbes, and was not practiced until after first introduction of the present 
invention. 

6. The Forbes Method has been in commercial use since 1989. Independent 
studies of its efficacy have been performed by the University of California at 
Berkeley, the University of California at Riverside, the University of Hawaii, the 
University of California at Los Angeles, and the University of Florida. I am 
familiar with scientific literature regarding these studies- 
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7. In addition, I have a>mmun1cated with numerous pest control professionals 
concerning use of Forbes Method since its introduction. Many of these 
professionals have been interested In ways to improve upon the Forbes Method 
as originally introduced in 1989. Since that time, various improvements have 
been discussed by those in the industry, some of which have been implemented. 

8. In all my experience with the Forbes Method, and despite active industry Interest 
in improving upon it nobody ever suggested that the heated circulating air as 
used In the Forbes method be filtered for any purpose, prior to the present 
invention. Although many skilled professionals were aware of the Forbes method 
since 1989. none recognized the benefits of filtering the treatment air as 
disclosed by the present application. None recognized that the forced circulation 
of heated air In the Forbes Method causes a large amount of allergenic or 
otherwise harmful particulate matter to become airborne, and that such 
particulates may be removed from the environment using a filtering process as 
taught by the invention. 

9. Typically, much of particulate matter generated during heat treatment is 
microscopic in size and invisible. Prior to the present invention industry 
professionals did not recognize generation of particulate matter as a serious 
issue, if at all. Many continue to perform the Forbes method without using any 
filtration to remove particulate matter from the interior of structures being treated. 
The benefits of filtration can be very significant, but they are not obvious. 
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10. Upon information and t^lief, Hedman was the first to identify complex 
phenomena causing particle generation during thermal eradication. These 
phenomena include agitation of existing dust layers, drying and dislodging of 
mold spores from surfaces In the stnjcture, and the drying and dislodging of dust 
m'rtes and mite feces. Such factors were not obvious, and those in the industry in 
fact failed to recognize these or other factors in the indoor environment that 
contribute to particle generation during thermal treatment, for a period of about 
ten years prior to the invention. 

11. I have reviewed the Montellano reference cited by the Examiner. Montellano 
discloses an antiquated, low-volume vacuum system for suctioning flying insects 
out of a building. Upon Information and belief, at the time the present invention 
was made, any person in the industry concerned with improving upon the Forbes 
Method, from technicians to Ph.D. etymologists, would have regarded Montellano 
as a mere curiosity, unrelated to the field of insect eradication by heating. 
Montellano would not have inspired anyone to modify the Forbes Method so as 
to include particulate filtering, for this reason alone. It would have simply been 
considered irrelevant 

12. In addition, Montellano discloses nothing about filtering allergenic particulate 
matter, and is Instead concemed only with the filtering of large insects expelled 
by the vacuum system. Therefore, Montellano could have alerted no one to the 
problems solved by filtering air in a thermal eradication process, at the time the 
present Invention was made. Even if it would have been considered relevant, 
filtering as disclosed by Montellano would not have provided any of ttie benefits 
of the inventi'on, because a gross insect filter as disclosed by Montellano would 
be utteriy ineffective in removing the much smaller allergens that are produced 
during forced-convecb'on thermal eradication. 
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13. The filtered-air eradication method of the present Invention provides surprising 
benefits that were previously not recognized as achievable by air filtering, even 
by the most skilled professionals in the field. One such benefit is a substantial 
improvement in indoor air quality after the treatment, which may be especially 
beneficial to patients with respiratory problems, such as asthma. Such benefits 
are now recognized by many. For example, at least one medical doctor has 
written prescriptions for the method of the invention, as marketed under the trade 
name "Thermapure," to his asthma patents. An exemplary Thermapure 
prescription written by Dr. Chris Landon, MD, of the Pediatric Diagnostic Center 
in Ventura, California is attached hereto as Exhibit A. In contrast, the Forbes 
Method, which lacks air filtration, is not rea>gnlzed as providing any 
corresponding benefit. 

14. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge tiiat willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent 
issued ttiereon. 
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Applicants: HEDMAN et al. 

Serial No.: 10/014,727 

Filed: December 10. 2001 

Title: METHOD OF KILLING ORGANISMS 
AND REMOVAL OF TOXINS IN 
ENCLOSURES 



Art Unit: 3643 
Examiner: Kurt C. Rowan 



DECLARATION OF LARRY CHASE UNDER 37 C.F.R. S 1.132 

Commissioner for Patents 
P.O. Box 1460 
Alexandria. VA 22313-1460 

1. I, the undersigned, am the Vice President, Sales and Marketing, of Precision 
Environmental, Inc. I have over 30 years experience in the management of all 
aspects of buildings and properties including construction, maintenance, 
remodeling, energy, and environmental remediation. I was the Director of 
Properties for Bullock's Departments Stores for 16 years. I also have over 20 
years experience managing environmental projects including the development of 
specifications for environmental remediation projects. I am familiar with most 
methods that use engineering processes for the purpose of environmental 
remediation. I earned both my Master's and Bachelor's degrees from the 
University of Northern Iowa. 

2. This declaration is submitted in response to the Examiner's rejection of claims 
18-23, 26-30, 36-40, and 42-43 under 35 U.S.C. § 103(a) as obvious in view of 
FortDes and Montellano in the Office Action mailed February 7, 2006. I believe 
that the obviousness of the claims is rebutted by the outstanding commercial 
success of the invention defined by the claims and the recognition of the 
invention's value and praise by others. 
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TPE Associates presently licenses and trains pest extermination and 
environmental services companies In the process of Thermal Pest Eradication 
(TPE) under the name ThemiaPureHeat™ that Is described In the patent 
application. Precision Environmental uses the TPE process. As will be further 
described below, the TPE process uses heat to destroy active mold growth sites 
and kill viable mold spores, bacteria, viruses, insects, and other heat-sensitive 
pests and organisms and then filters the heated circulating air. The heating 
process uses convectlve currents to deliver the heat to all surfaces as this Is a 
critical element of efficacy. The convectlve currents cause a mechanical action 
In the space that Increases the amount of aerosol created. This Is unique to the 
process and results In significant bulk removal or actual remediation through 
aerosol capture. TPE is an engineered process that includes filtering the air to 
remove fine particulate matter as an integral part of the eradication process. This 
has lead to considerable commercial success and praise by others and, thus, the 
TPE process Is not obvious. 

The TPE process described by the patent application has rewarded our company 
with commercial success. In light of my experience in the environmental 
Industry, I believe this level of growth and commercial success is unusual for this 
type of company. In my view, if the solution was obvious, then someone else 
would have brought the solution to the market to gain the commercial success. 
The commercial success of the process relates the combination of the heated 
eradication and air filtration, which specifically and uniquely solves the problem of 
airborne contaminants, and is cost-effective, yielding better results and higher 
success rates. The process has been named "Best New Product" by the 
National Society of Professional Engineers. The commercial success of the 
Invention is further evidenced by the large number of licensees and customers 
who have successfully used the process described In the patent application. 
Additionally, publications have made convincing comments about the commercial 
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success of TPE. By any measure, the ThermaPureHeat™ process has been a 
tremendous commercial success. 

5. The first evidence of the invention's remarkable success is the large number of 
licensees who use our technology. Currently, at least 37 Pest Control Service 
Providers and 17 Environmental Services Providers use our ThermaPureHeat™ 
process. Companies utilizing ThermaPureHeat™ have completed more than 
20,000 indoor contamination projects, including numerous federal, state and local 
government sites. In addition, this process have been deployed for the National 
Park Service and the Department of Defense. I list some clients of the 
ThennaPureHeat™ process and the type of projects below: 

a. California State University, Cal Maritime Academy: 
Structural Drying and Mold Management 

b. National Park Service, Yosemite National Park: Hantavirus 
Disinfection and Rodent Exclusion 

c. Regional Residential Real Estate Developer, Bakersfield, 
CA: Formaldehyde Remediation and Bake-Out 

d. Monterey County, Juvenile Hall, Salinas, CA: Mold 
Remediation and Management In-Ptace 

e. Maguire Residential Unit, Off Campus Student Housing: 
Mold Remediation and Heat Treatment 

f. TLC Home Hospice Care Center Corporate Offices, 
Moorpark, CA: Mold Remediation and Management In-Place 

g. Dade County School District, Florida 

h. Momion Church, Toronto and Florida 
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i. United Campus Housing, Santa Barbara. CA: Mold 
Remediation and Management In-Place 

6. One article describing the success of the invention's combination of heat 
remediation with air filtration is "Turning Up the Heat to Differential and Compete" 
A Case in Point™: Alliance Environmental. This paper (Exhibit A) describes 
Alliance Environmental, a leading full-service environmental firm located in 
California. The company's services include asbestos removal and mold 
demolition. The article describes the company's success when it shifted its 
approach to mold removal from the traditional one where affected areas were 
torn out to ensure all mold was removed to our ThemiaPureHeat™ process. The 
company faced multiple problems with traditional eradication including high cost 
(around $20,000-$50,000 for a bathroom or kitchen mold removal). After 
licensing the ThermaPureHeat™ technology, Alliance Environmental realized 
substantial profit increases. Referring to the company's San Diego practice, Tim 
Tilley, vice president for Alliance Environmental in San Diego stated that "In 2005 
alone, we saw a 21% increase in profits solely from the ThennaPureHeat™ 
clients." The company has helped nearly 500 customers with ThemiaPureHeat™ 
and has seen a 10% to 15% jump in profits company-wide since licensing the 
technology. The article describes the invention's cost effectiveness and high 
success rate (90%). In my opinion, this paper demonstrates the non-obviousness 
of the invention due to the commercial success realized by one of our licensees 
by adding the technology to the company's services. 

7. An article by Alan Forbess "Heat Treatment Method Provides Water Damage/ 
Mold Relief," Claims May 2006 (Exhibit B) states that ThermaPureHeat™ is a 
"revolutionary new heat-treatment process" that pfu, ^in aftemative 
methodology to treat water damage and could save billions of ooi.. s. Forbess 
describes the process as being "proven to be an effective alternative to traditional 
demolition-based remediation and building dry-out methods." The paper 
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compares the process of using heat to destroy organisms coupled with air 
fittration and the standard mold remedy. Most relevant are the case studies at 
the end of the paper describing the effectiveness and cost savings of using the 
TPE process. First, the paper discusses a water loss incident in office space at a 
Juvenile Hall in Monterey Country. California. The cost of gross removal was 
estimated at $20,000. The county instead chose to manage the mold in place 
using ThemiaPureHeat™ and saved $17,000. The mold remediation process 
included HEPA vacuuming. Samples taken after the process revealed no 
detectible viable mold/fungi in the wall cavity and levels in the occupied space 
were lower than adjacent non-affected spaces and outdoor comparisons. Not 
only did using the process save the county money, but business disruption was 
minimized because the process took much less time than required for other 
remediation treatments that typically require multiple day move-outs. The 
second case study was regarding a student housing complex with both moisture 
and tennite problems. Budget constraints and an accelerated restoration 
schedule, due to a booked summer occupancy schedule, added to the problem. 
All treated units passed post-remediation testing and the paper states that 
"ThermaPure™ effectively killed the mold in inaccessible areas, allowing minimal 
removal and replacement." Total savings were estimated at $4 million compared 
to traditional remediation, which also would have forced closure of the facilities 
for the summer. This paper shows the non-obviousness of the invention 
because it describes the invention's commercial success, especially in temis of 
cost savings. 

8. Another example of the success of the invention is a project we completed on a 
multiplex theatre in Phoenix. AZ. that had a sewage backup occur with bacteria 
contaminating five of seven theaters just six days prior to the opening of the 
blockbuster movie Star Wars: Episode III. The original recommendation by the 
consultant was to remove and replace all contaminated materials. This wasn't 
possible in six days. ThermaPureHeat™ was brought in to limit the removal and 
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replacement requirement. According to Steve Vyrsotek of C & E Services, the 
ThermaPureHeat licensee perfomning the process, "With the ThemiaPureHeat™ 
Process and limited remove and replace remediation, we were able to treat and 

deodorize the contaminated areas to better than normal background levels within 
four days. The theatre opened without incident, with the process having 
salvaged a $2 million weekend by the theatre's account." 

9. Michael Geyer, P.E., C.I.H., C.S.P., President of Kerntec Industries, a California 
based environmental consulting fimi stated, "Had the heat treatment 
(ThermaPureHeat™) been widely used in New Orleans and other hurricane 
ravaged areas, buildings with minor to moderate water damage could have been 
rapidly rehabilitated for far less than typical remove and replace remediation. It 
can be used to salvage moisture-damaged contents instead of disposal and can 
help preserve historical properties In lieu of destructive removal." 

10. Based upon this feedback, It is my opinion that the commercial success of the 
ThermaPureHeat™ services is a direct result of the characteristics of the 
invention, specifically the ability of the process to eradicate and mechanically 
capture contaminants in a cost-effective, safe, nontoxic, efficient manner. The 
TPE process has achieved commercial success and therefore, if it were obvious 
then someone else would have previously brought it to market. The commercial 
success relates to the combination of heat eradiation and air filtration and 
therefore arises from the benefits of the invention and not from other factors. 

11. Similarly, praise by others provides evidence of nonobviousness. The large 
number of licensees of the ThermaPureHeat™ service described above is a 
direct type of praise. 
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12. Also showing praise for the invention is the article by Alan Fortiess 'Heat 
Treatment Method Provides Water Damage/Mold Relief.* Claims May 2006 
(ExhibH B) statea that ThemvPuneHeal^ is a 'revdulionaiy new heat tealment 
proeess' that provides an altemath^ methodology to treat water damage and 
oould save t>iilion8 of dollars. Fortress de8crit>e8 the process as being "proven to 
be an effective alternative to traditionai demolition-based remediation and 
building dry^xit methods ' The paper explains ttiat ThermaPur^^^™ 
accelerates the ofT-gassing of odors and toxins. The case studies described in 
the paper also show the effectiveness. 

13. In light of the hnmedlate and MMespread acceptance of the TfiemnaPiffeHeat''^ 
process t>y pest and environmental services providers across ftm country, the 
commercial success of these services, and the recognition by * f the value 
of the Invention, I believe that the patent application is not obvious in view of the 
prior art cited in the Office Action dated February 7. 2006. 

14. I hereby declare that all statements made herein of my own - |e are true 
and that alt statements made on information and belief arv to be trw; 
and further that tfiese statements were made with tie kr^ m »Md false 
statements and tfie like so made are punishable by impo ^nmeiC or tx>th. 
under Section 1001 of Title 18 of the United States Code er d that sodi willful 
false statements may jeopardize the validity — iny patent 
isauedtheivon. 
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Heal Tf eatmentiVtettTad^rDvides 
Water Damage/Mold Relief 

Escalating water damage and mold liability could cost insurers and property owners 

Ry Alan Forbess ^ 



or insurers facing 



F extraordinary exposure 
from Hurricanes Katrina 
and Rita, the bad news continues. 
Serious mold contamination is 
now threatening water-damaged 
homes and commercial properties 
throughout the region. With 
losses estimated to rise beyond 
$90 billion in flooded New 
Orleans and the Gulf Coast, the 
more than 15,000 adjusters 
dispatched aren't nearly enough to 
handle the region's estimated two 
million claims. Hurricane Wilma 
and recent flooding in the 
Northeast arc only compounding 
the problem, for where there's 
flooding that is not addressed 
immediately, mold growth and 
resulting claims will surely 
follow. Moreover, the hurricanes 
may just be the start of painful 
times for insurers and property 
owners if the disruptive weather 
patterns predicted for the rest of 
the century by Purdue University 
researchers prove correct. 

With all this bad news piling 
up, the insurance and real estate 
industries could use some good 
news for a change. A 
revolutionary new heat treatment 
process established in California 
is looking like it could be the 
silver lining to a very cloudy 
period, [providing an alternative 
methodology which could save 
the insurance and real estate^ 
industries billions of dollars- 
ThermaPureHeal may be a big 




part of the solution. 

ThermaPureHeat has proven to be 
an effective alternative to 
traditional demolition-based 
remediation and building dry^out 
methods, potentially saving US 
insurers billions of dollars over 
the next several years. 

The process, developed by E- 
Therm, an environmental 
remediation innovator based in 
Ventura, Calif., uses superheated, 
dehumidified air to disinfect, 
decontaminate, and dry out 
buildings in much the same way 
heat is used to pasteurize milk and 
kill bacteria in wine. 

In the ThermaPureHeat 
process, technicians use propane- 
powered portable heaters and air 
blowers to inject superheated air 
into the affected space, raising the 



temperature of a single room or 
entire structure to as much as 1 60 
degrees Fahrenheit for several 
hours. Heat has shown to be 
effective in destroying active 
mold growth sites, and kills viable 
mold spores, bacteria, viruses, 
insects, and other heat-sensitive 
pests and organisms. Heat also 
accelerates the off-gassing of 
odors and tox ins , even in 
inaccessible areas, without the use 
of chemicals. One of the main 
benefits of heat is that the proper 
application can dry out wet 
buildings much quicker than the 
traditional method of simple air 
movement and dehumidiflcation 
typically used by flood restoration 
contractors. 

Whether applied to aid in 
disaster recovery or in addressing 



more routine water intrusion 
problems, insurers and property 
owners are finding that heat offers 
an effective alternative or adjunct 
to costly traditional demolition- 
based mold remediation and flood 
restoration. 

Used in conjunction with 
limited "remove and replace" 
remediation or as an alternative to 
it in some instances, the heat 
treatment process could minimize 
liability and mcrease clearance 
testing success rates. Heat also 
allows the contractor to treat 
many building materials in place, 
avoiding the cost and expense of 
unnecessary removal of walls, 
finnring, cabinetry and 



more significantly, the Cost of 
insuring lost business - can, in 
fact, sometimes exceed 
remediation costs. 

Inaccessible areas such as wall 
cavities, crawlspaces, headers, 
dooijambs, and vapor barriers 
present anotho- dilemma. Either 
spend prohibitively to reach, 
remove, and replace building 
structures in these inaccessible 
areas - or leave them with 
potential live mold or mold spores 
which could pose a re-infestation 
hazard. 

Removal and replacement of 

mold-affected areas can also be 
complicated by other factors - 
such as when building structures 



managed in place at lower cost in 
many instances; the same is true 
of mold today." 

According to Geyer, the 
industrial hygiene community has 
been focxising on the symptom - 
mold - while failing to properly 
address the cause - moisture. 

"If physical removal is the 
only acceptable remediation 
method, you may as well 
demolish the building," says 
Geyer. "Because you can'i 
simply scrub mold off the surface 
when its roots grow into the 
substrate." Geyer explains that 
mold, as a fungus, is a plant 
without chlorophyll whose roots 
grow into the substrate of building 



furnishings. 



like studs or floor joists are 
structurally nfeCfemry, 6t Whfett 
historical features such as frescos, 
carved wood, or decorative 
plasters prove difficult or 
prohibitively expensive to replace. 

Reining in Mold Liability 

Some in the industrial hygiene 
community feel that the sky-high 
cost of mold liability can be 
brought back down to earth by 
refocusing on the basics. 

"Mold remediation today is 
stuck in the mindset of early 
asbestos remediators who 
believed that everything had to be 
ripped out regardless of the cost,'* 
says Michael Geyer, P.E., C.I.H., 
C.S.P., who's President of 
Kemtec Industries, a Calif-based 
environmental consulting firm. 
"Remediators later learned Aat 
asbestos could be more effectively 



materials and whose spores are 
like th6 Seed-bearing fhin of a 

tree. 

'To properly handle mold, you 
have to handle the moisture 
problem," adds Geyer. "Applying 
heat through a process like 
ThennaPure's is not only lethal to 
mold and other biohazards like 
bacteria and insects, but it also 
dries out the substrate, structure, 
and architectural elements. This 
helps prevent future recurrences 
since the substrate is no longer 
hospitable to growth." 

"Mold in a wall cavity doesn't 
necessarily need to be removed as 
long as it's effectively killed and 
not part of the occupied space," 
says Geyer. "In instances of mild 
to moderate water intrusion of 
short duration, substrate removal 
is usually unnecessary and 
unwarranted except when visibly 



Drawbacks of Traditional 
Mold Remediation 

Traditional mold remediation 

typically includes limited or 
extensive demolition of impacted 
building materials, and extensive 
cleaning using techniques such as 
wire brushing, sanding, HEPA 
vacuuming and microbial wipe 
down. This has been the standard 
mold remedy, which is costly and 
time consuming. As with all 
response actions, the more 
extensive the tear down the higher 
the build back costs. 

"Cost escalates when 
suspected mold requires the tear 
down and build back of structures 
that may be salvageable," says Joe 
McLean, CEO of Alliance, a 
Calif -based environmental 
contractor that deals extensively 
in mold and asbestos remediation. 
"For instance, if a consultant 
specifies removal of a 4-foot 
perimeter on four walls because 
moisture has wicked up one, the 
tear down and build back of 
showers, cabinets, countertops 
and such can significantly 
increase costs." 

Because insurers often cover 
building structures, their contents, 
as well as loss of use, long 
remediation projects that vacate 
the occupants for weeks or 
months can also rack up high 
secondary costs. The cost for 
replacement housing, meals - or 




contaminated or when 
architectural elements are 
compromised. That's where heat 
treatments like ThermaPure can 
be effective for managing mold in 
place. It penetrates cracks, 
crevices, and typically 
inaccessible areas like wall 
cavities at a fraction of the cost of 
removal and replacement." 



the 



Don't Demolish 
bonom Line 

When a water loss incident 
with detectable but no visible 
mold affected ofiice space at a 
Juvenile Hall in a Monterey 
County, Calif., gross removal 
including the imparted wall cavity 



building inspections Revealed 
water damage or elevated 
moisture levels in 109 of 122 
residential units, along with an 
extensive termite problem. 
Complications included an 
accelerated restoration schedule, 
budget constraints, and a summer 
occupancy schedule which was 
already booked. 

The consultant recommended 
the ThermaPureHeat process to 
res tr ict demolition to only t hose 
areas where physical damage or 
visible mold growth was present. 
Of the 109 units needing 
remediation, only 10 units 
required extensive demolition, 
including cabinetry or shower 



propoties in lieu of destructive 
removal.** 

PDG Environmental, a 
national environmental 
remediation contractor, used the 
ThennaPure process in New 
Orleans after recent hurricane 
activity. "We used it to polish off 
any mold or bacteria left after 
traditional remediation on a 
commercial site that was flooded 
with sewage-contaminated water,*' 
said John Regan, Chainfian and 
CEO of PDG Environmental "It 
dried out the building extremely 
quickly and helped us meet 
clearance levels." 

Geyer adds, "Had the heat 
treatment been widely used in 



was estimated at $20,000. 
Instead, the County opted to 
manage the mold in place using 
the ThermaPure process. The 
impacted area was heated to 160 
degrees Fahrenheit while 
maintaining 145 degrees 
Fahrenheit in wall cavities and 
other inaccessible spaces in 
{excess of two hours. Mold | 
remediation protocol including 
critical barriers, negative air 
containment, and HEPA/ 
vacuuming were implemented as 
well. 

Afterward, post remediation 
viable samples analyzed by 
Hygeia Labs of Pasadena, CA 
revealed no viable mold/fimgi 
detected within the impacted wall 
cavity. Costly gross remediation 
was avoided and inaccessible 
areas received additional drying.. 
The savings to the County using i 
ThermaPure in lieu of gross 
remediation was $17,000. 

Because ThermaPure treating 
a structure generally takes less 
than eight hours, no multiple day 
move outs are required. This 
minimizes business disruption and 
loss as well as any secondary 
costs such as for housing or 
meals. 

A Case Study 

Recently, a large investment 
group purchased a student 
housing complex at a major 
Southern California university. 
During the due diligence period. 



stall removal . ThermaPure 
effectively killed the mold in 



inaccessible areas, allowing 
minimal removal and replacement 
as part of site remediation. 

This significantly cut required 
restoration time and costs. All' 
[units were HEPA cleaned and 
jsampled as part of traditional post 
I jremediation testing, with all 122 
I units passing. By working in 
j selected buildings and moving 
quickly through the complex, the 
university was able to house 
specialty groups and camps 
throughout the summer, meeting 
its stated obligations and 
generating revenue without 
interruption. 

Total savings were estimated 
at $4 million using ThennaPure 
compared to traditional remove 
and replace remediation, which 
would have closed the facilities to 
summer use and required 
extensive tear down and rebuild 
expenditure. The heat treatment 
simultaneously eradicated the 
termite infestation. 

"Heat treatments like 
ThermaPure's are a win-win for 
the insurance company and 
property owner," says M ichael 
Geyer, P.E., C.I.H., C.S.P. "Heat 
is even being used to achieve final 
clearance on tough traditional 
remediation projects where typical 
methods often fail. It can be used 
to salvage moisture-damaged 
contents instead of disposal and 
can help preserve historical 



New Orleans and other hurricane 
ravaged a i eas, buildings w i th 



minor to moderate water damage 
could have been rapidly 
rehabilitated for far less than 
typical remove and replace 
t remediation.** 

Since ThermaPure can raise 
temperatures in targeted areas or 
entire structures to levels lethal to 
biological pests, it has been 
successfully used against mold 
and fungi, bacteria and viruses, 
insect infestations, and to improve 
indoor air quality by accelerating 
the off-gassing of odors and 
toxins, 

Alan Forbess is President 
of Criterion Environnnental, a 
full-service environnnental 
consulting firm based in 
Ventura, California. He is a 
Registered Environnnental 
Assessor in the State of 
California and a Certified 
Microbial Consultant with the 
American Indoor Air Quality 
Council. He has provided 
expert witness testimony in 
several legal cases and 
managed over 1,000 mold 
assessments for commercial, 
residential and educational 
properties. For more info, visit 
www.thermapure.com; call 
805-641-9333; fax 805-648- 
6999; email 

info@thermapure.com: or write 
to E-Therm, Inc. at 180 
Canada Larga Road. Ventura, 
CA 93001. 
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DEgU\fV\T|QN OF SEAN ABBOTT UNDER 37 C,F R s 1 1 

Commissioner for Patente 

P.O. Box 1450 

Alexandria, VA 22313-1450 

1. 1. the undersigned, am President of Natural Link Mold Lab. I have a Ph.D. in 
Bioloolcal Sciences from the University of Alberta. I also earned an M.S.C. in 
Mycology and B.S.C. in Zoology from the University of Alberta. My Curriculum 
VHae IS also attached as Exhibft A to this declaration. I regularly test sites 
treated by the Themial Pest Eradication (TPE) process that includes air filtration, 
which is descn"bed by the above referenced patent application, by examination of 
air and surface samples to determine levels of contamination by fungi and 
bacteria. 

2. This declaration is submitted In response to the Examiner's rejection of claims 
18-23. 26-30, 36-40, and 42-43 under 35 U.S.C. § 103(a) as obvious in view of 
Forbes and Montellano in the Office Action mailed February 7, 2006, I believe 
that the obviousness of the claims is rebutted by the long-felt need for the 
invention. 

3. TPE Associates presently licenses and trains pest extermination and 
environmental services companies in the process of TPE under the name 
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ThermaPureHeaf" that is covered by the claims of the patent application. As 
will be further described below, the TPE process uses heat to destroy active 
mold growth sites and kill viable mold spores, bacteria, viruses, insects, and 
other heat-sensitive pests and organisms and then filters the heated circulating 
air. Filtering the air to remove fine particulate matter as part of the eradication 
process solves the long-feH problem of particulate mass in the air following heat 
remediation and. thus, the TPE process is not otivious. 

4. The need for a way to treat buildings, staictures, and other enclosable areas 
contaminated by mold, bacteria, femiites. dust mites, and other microoiganlsms 
has been long-fell. Traditional methods to treat buildings contaminated by these 
organisms are insufficient and may actually create a corresponding problem of 
increased bic^erosol particulate matter. 

5. For example, the traditional method to eradicate pests by tenting a building and 
filling It up with toxic gas for a period of time sufficient to kill pests, leaves behind 
dead organisms, vi^lch may continue to cause health problems, in addition to the 
more well known drawbacks of this treatment These include the requirements of 
significant amounts of time to be effective and that food and medication must be 
sealed off or removed. Entire buildings must be treated even if the infestation is 
localized. Additionally, this method does not eradicate all organisms including 
bacteria, mold, and certain insecte. 

6. Similarly, the traditional thermal eradication method, described by the Forbes 
patent, kills wood-destroying insects like termites by applying a heated gas to 
wooden surfaces until the surface is heated to a temperature about 120''-135' F, 
which effectively kills termites. This method, however, is not effective for killing 
other organisms such as fungi and toxic molds. Further, many insects are 
serious health hazards, even when dead, and Forbes does not disclose a 
method for removing the remaining particulates that can actually be resuspended 
into the air by the injection of heated air Into the building. Thus, there is a 
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continuing need for methods to treat contaminated buildings and deal with the 
increased aerosol particulate matter fourKi In remediated buildings. 

7. Several publications attached to this declaration also support the long-felt need. 
The first is an article by M.P. Fabian et al. titled "Ambient bioaerosol indices for 
indoor air quality assessments of flood reclamation." Aerosol Science 36 (2005) 
763-83 (Exhibit B). This paper in the Journal of Aerosol Science reports the 
results of an air quality study that was conducted in residences that were cleaned 
and reoccupled following a major regional flood. The study used several air- 
quality indices to assess the efiiBcts on conwion flood reclamation practices on 
indoor quality. Both Indoor and outdoor air quality was sampled after the flooding 
occurred and after remediation efforts. The remediation efforts Included wetted 
carpets being replaced, soaked dry walls and subfloors being patched or 
replaced, surfaces washed with bleach, and forced-air dryers applied. 

8. Most of the homes damaged by flooding had higher concentrBtlons of airborne 
particulate matter indoois than outdoors, based on both optical counting (OPC) 
of airborne particulate matter and composite observations of volatile organic 
components (VOC). "These results are the opposite of bioaerosol concentration 
trends typically observed in houses with no water damage." The air samples 
collected in the houses reclaimed from flood damages also had significantly 
higher airborne microorganism levels than in houses with no flood damage. 

9. The Fabian paper shows that filtration of air following heat remediation is not 
obvious because It describes the problem of poor air quality following traditional 
remediation methods. The invention is not obvious in light of this peer-reviewed 
publication because it reveals the need for filtration of air to remove particulate 
matter following heat remediation. In my expert opinion, if the Invention were 
obvious, the study would consider the effects of air filtration and would lilcely 
suggest it as being part of the heat remediation process. This paper shows the 
non-obviousness of the invention because it describes the problem of Increased 
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bloaerosol contaminants resulting from typical flood damage clean-ups and does 
not allude to nor suggest using air filtration in conjunction with the drying out 
process described. 

10. Another pertinent paper Is by Ralph E. Moon, Ph.D. CHMM, CIAQP, titled 
Thermal Treatment Benefits and Misconceptions of Using High Temperature 
Heat (>120° F)" (Exhibit C). This paper discusses the microbial impacts, health 
and safety consequences of high temperature (120''-t60' F) heating and notes 
that "Even after the living organism is dead, fungal spores, mycelia and 
mycotoxins still pose an allergenic concern." Page 2. "Turbutent fens assist the 
drying process; however, they also aerosolize microbial matter and dust As a 
result, turbulence also creates potential combustible conditions by the 
enriancipated dust' Pages 10-11. 

The Moon paper is relevant because one of the safety concerns It addresses Is 
dust, which is solved by the flltratibn step of the TPE process. This paper shows 
the non-obvteusness of the Invention because It describes the long-felt need for 
the invention by disclosing the safety concerns of dust and the fact that even 
dead microoiganlsms can be allergens, but does not suggest filtration. 

An article by Alan Forbess "Heat Treatment Method Provides Water 
Damage/Mold Relief," Claims May 2006 (Exhibit D) discusses the process of 
using heat to destroy organisms and the pitfalls of sfandard mold remedy which 
is costly and consuming. Tlie Forbess paper shows the non-obviousness of the 
invention because it describes the long-felt need for the invention and Its 
usefulness, especially In terms of cost-saving. 

1 3. The April 2006 issue of Cleaning Specialist Q&A by Jim Holland describes heat 
remediation (Exhibit E). The Holland paper describes hot-air drying In general 
and then explains the problem of sewage damage. In discussing the 
considerations of using heat remediation the author notes that it is "important to 
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remember that even though elevated temperatures kill pathogens, the organic 
material remains and may result in major odor problems over time." With regard 
to using heat to assist in mold remediation, the author claims that killing mold 
spores "probably would still not be an acceptable technique for treating mold In 
crawlspace since the dead organisms' are still problemafic." The paper also 
quotes The medical effects of mold exposure" by R.K. Bush et a! In the Journal 
of Allergy and Clinical Immunology, Volume 11.7 number 2. pages 326-33 
(Exhibit F). "Alteigic responses to inhaled mold antigens are a recognized fact In 
lower alnvay disease (i.e., asthma)." Also quoting that article, hypersensitivity 
pneumonitis "Is an uncommon but Important disease that can occur as a result of 
mold exposure." These conditions can both result from dead spores killed by 
heat, but left In the building. In my opinion, this paper shows the non- 
obviousness of the invention because it describes the long-felt need uniquely 
solved by this invention and does not recognize the use of air filtration in 
conjunction with the heat remediation process. 

14. -Airborne Particle Sizes and Sources Found in Indoor Air" by M.K. Owen et al. in 
the Atmospheric Environment, Vol 2eA, No 12 pp 2149-2162 (1992) (Exhibit Q). 
This peer-reviewed paper looks at the indoor aerosols including the mechanics of 
deposition in the lungs and the dynamics that influence particles, the article 
surveys infomnation about indoor aerosols, particularly particle sizes. This paper 
is pertinent to the case at hand because It discusses the health implications of 
inhaling indoor aerosols. -Bioaerosols. including bacteria and vinjses. present 
special health hazards due to the risk of infection.- Page 2149. The paper 
describes aerosol fomiatlon and explains that resuspension, large solid particles 
reentering the air, can occur with sweeping or in-breezes. My opinion Is that this 
paper shows the non-obviousness of the invention because it describes the 
Impact of bloaerosol partfculate matter, which, as discussed above, is Increased 
in concentration after traditional remediation efforts. 
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16. The TPE process described in the patent application addresses this long-felt 
need by effectively killing organisms in enclosures, eliminating substantially ail 
such organisms, in a manner that Is non-toxlc. and can be performed in a 
relatively short time, is clean, dry and odorless, and removes a laige proportion 
of the dead organisms. The Invention solves a long-felt unresolved need, and 
therefore one may infer that the invention Is nonobvious. if it were obvious, 
someone would have previously developed the invention to solve the need. 

16. As a microbial expert. I am well aware of the other processes that are available 
for eradication of organisms. Based upon the testing I have done and my own 
familiarity with the industry. I am of the opinfon that, prior to the Introduction of 
the ThemiaPureHeat™ process, no process or service existed that solved the 
problem of eradicating contamination, in particular filtering the air to collect the 
airborne particulate matter left behind after traditional eradication methods. The 
failure of others to determine a solution for the long-felt need assists in 
establishing that the solution was nonobvious, 

17. In light of the long-felt need for a method to safely and effectively eradicate 
contaminants from buildings, I believe that the claims of the patent application 
are not obvious In view of the prior art cited in the Office Action dated February 7 
2006. 
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18. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on Infbnnation and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent 
Issue^thereon. 




Dr. Sean Abbott, Ph.D. Date 
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CURRICULUM VITAE 
SEAN P. ABBOTT 

revised November 08, 2005 



Academic Record/ Education 

(Fungal Systematics) Dept. of Biological Sciences. 
University of Alberta, Edmonton, AB, Canada 

(Mycology) Dept. of Botany, 
University of Alberta, Edmonton, AB, Canada 

(Specialization Zoology) Dept. of Zoology, 
University of Alberta, Edmonton, AB, Canada 



Awards/ Scholarships 



Name of Scholarship or Award 


Aeencv or Institution 


Date 




Myron Backus Award 


Mycological Society of America 


1999 




Luella K. Weresub Award 


Canadian Botanical Association 


1998 




John Macoun Travel Bursary 


Canadian Botanical Association 


1998 




Izaak Walton Killam Memorial Scholarship 


The Killam Trusts 


1998- 


-2000 


Andrew Stewart Memorial Graduate Prize 


University of Alberta 


1998 




NSERC Postgraduate Scholarship (PGS-B) 


Natural Sciences and Engineering 


1996- 


1997 




Research Council of Canada 






Walter H. Johns Graduate Fellowship 


University of Alberta 


1996- 


1997 


Challenge Grants in Biodiversity 


Alberta Conservation Association 


1996- 


-1998 




And U of A Biological Sciences 






NSERC Postgraduate Scholarship (PGS-1&2) 


Natural Sciences and Engineering 


1989- 


1991 




Research Council of Canada 






Walter H. Johns Graduate Fellowship 


University of Alberta 


1990- 


1991 


Northern Science Training Grant 


Boreal Institute for Northern Studies 


1989- 


1990 


Graduate Faculty Fellowship 


University of Alberta 


1989- 


1990 


NSERC Undergraduate Student Research Award 


Natural Sciences and Engineering 


1988 






Research Council of Canada 






Undergraduate Scholarships (2) 


Province of Alberta 


1986- 


1988 


Alexander Rutherford Scholarships (2) 


Province of Alberta 


1981- 


1983 



2000 



1992 



1989 



Ph.D. 



M.Sc. 



B.Sc. 



1 



Summary of Employment Experience 



Nov 2001 - present President, Natural Link Mold Lab, Inc., July 2004 - present (formerly Analytical 
Director, akaMOLDLAB, Nov 2001 - July 2004), 390 Freeport Blvd. Unit 3, 
Sparks, NV 89431. 

• Oversee mycology/microbiology laboratory, primarily centered on indoor fungal 
contamination and lAQ. 

• Responsible for maintaining laboratory quality and integrity of analytical 
procedures. 

• Teaching and training; classes workshops, presentations and curriculum 
development for training programs of private and public groups as well as 
internal company staff training. 

• Consulting for industry organizations for development of reliable processes and 
practices in the field of environmental microbiology. 

• Legal consulting/exp«rt witness for various law firms nationwide. 

• R&D; efficacy testing of new technologies and processes, antifimgal product 
testing, project consultation, etc. 

Director of Analytical Operations (Mar 2001 )/ Senior Mycologist, Environmental 
Microbiology Laboratory, Inc., 1800 Sullivan Ave., Suite 209, Daly City, California 
94015 (D. Gallup, President). 

• Oversee operations of a rapidly expanding analytical laboratoiy in the field of 
indoor fimgal contamination and aerobiology. Responsible for maintaining high 
quality mycological analysis and helping to set industry standards in this new and 
growing field of environmental mycology. 

• First ftill-time analyst at Daly City lab (Jan 2000), Laboratory Manager (May 
2000). 

• During tenure as Laboratory Manager/Director, increased volume (gross monthly 
revenue) by 600%. Growth achieved by matching industry growth through 
aggressive hiring and training of quality personnel, improving client support and 
education, expansion of services, evaluation of costs and streamlining of 
analytical processes. 

Director, Novobios Ltd. 

• one-third partner of small business involved with biological technologies and 
consulting, including fungal biodiversity inventories, microbial contamination 
assessment and orchid micropropagation. 

Research Associate/Consultant, Casual, University of Alberta Microfimgus 
Collection and Herbarium (L. Sigler, Professor) and U of A Devonian Botanic 
Garden (D. Vitt, Director). 

• consulting projects involving airborne molds as biological hazards, indoor 
microbial contamination, ftingal identification (UAMH) and orchid collection 
management and horticulture (DBG). 

Mycologist/Research Associate, University of Alberta Microfungus Collection and 
Heibarium (L. Sigler, Professor). 

• research projects on fungal systematics, anamorph-teleomorph connections of 
Ascomycetes and Basidiomycetes, airborne molds as biological hazards, 
opportunistic human pathogens, etc. 

• experience with maintenance of a living culture collection. 
Research Assistant, University of Alberta Devonian Botanic Garden (R. Currah, 
Professor). 

• research projects on zoophilic Ascomycetes, holomorph studies of Cystoderma, 
Boletaceae and Cantharellaceae flora of Alberta. 

Research Assistant, University of Alberta Devonian Botanic Garden (R. Currah, 
Professor). 

• taxonomy of Alberta ectomycorrhizal fiingi. 



Jan 2000 -Oct 2001 



Aug. 1998 -Dec 1999 
Jan 1996 -Dec 1999 



Feb 1992 -Dec 1995 



Jan 1989 -Sep 1989 



May 1988 -Sep 1988 
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May 1987 - Sep 1987 Research Assistant, University of Alberta Devonian Botanic Garden (R. Currah, 
Professor). 

• floristics of Alberta Ascomycetes. 

May 1986 - Sep 1986 Seasonal Horticulturalist, University of Alberta Devonian Botanic Garden (G. Ford, 
Assistant Director). 

• horticulture and floristics of native Alberta vascular plants. 

Academic Teaching 



1 999 HOT 306 Biology of the Fungi (R. Currah), 1 lecture 

1 998 MMl 427 Medical Mycology (L. Sigler), 3 lectures 

1 998 BIOL 1 08 Introductory Biology (R. Currah), 1 lecture 

1 998 BOX 306 Biology of the Fungi (R. Currah), 1 lecture 

1 997 BIOL 1 08 Introductory Biology (R. Currah), 1 lecture 

1996 MMI427 Medical Mycology (L. Sigler), 2 lectures 

1 995 BOX 306 Biology of the Fungi (R. Currah), 2 lectures 

1994 MMI 427 Medical Mycology (L, Sigler), 1 lecture 

1992 MMl 427 Medical Mycology (L. Sigler), 1 lecture 

1 992 BOX 380 Drug Plants of the World (K. Denford), 1 lecture 

Laboratory Demonstration: 

i 99 1 BOX 306 Biology of the Fungi (R. Currah) 

1 990 BOX 306 Biology of the Fungi (R. Currah) 

1 989 BOX 406 Biology of the Fungi (R. Currah) 

Extension Teaching and Public Education 

2001 -present Continuing Education (CE) credits provided for courses, workshops and presentations given 
for various agencies, including: 



American Board of Industrial Hygiene (ABIH) 
Board of Certified Safety Professionals (BCSP) 

California Association of Medical Laboratory Technicians (CAMLX/CLS) 
California Certified Laboratory Scientist (CA CLS) 
Continuing Education Center For Pest Management (DPR) 
Nevada Association of Real Estate Inspectors (NACREI) 

2002-2003 Senior instructor and microbial director for mold courses taught by National Environmental, 
Inglewood, CA, including Mold Remediation and Mold Inspector courses. 

1987-1999 I have taught over 45 courses and workshops on various aspects of biology, including 
mushroom identification, native plant identification, ornithology, natural history, orchid 
biology, etc. Xhese courses have been offered through many agencies including: 

• Devonian Botanic Garden: Mushroom Identification ( 1 989, 1 990, 1 995, 1 996, 1 997, 
1998), Hunting for Edible Mushrooms (199], 1992, 1993, 1994, 1996, 1997), Spring 
Mushrooms (1990, 1991, 1992, 1993, 1994, 1995, 1996, 199SI Fall Mushrooms (1992% 
Intermediate Mushroom ID (1993), Identifying Alberta Wildplants (1991), Discovering 
^P^^^g Birds (1996), Natural History of the Sandhills at the Devonian Botanic Garden 
(1995). Orchids Galore (1999), Orchid Horticulture (1997, 1998, 1999). 

• University of Alberta Extension: Mushroom Identification (sessional lecturer 1 991). 

• John Jansen Nature Centre: Mushroom Mania (spring and fall 1 99 1 , 1 992). 

• Powerhouse Continuing Education: Identifying and foraging for mushrooms (1 996). 

• Ukrainian Cultural Centre: Spring Mushrooms ( 1 999). 
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1997-1999 



1987-present 



• Alberta Agriculture. Introductory Mushroom Identification Workshop (1987 19^^ 
" l^c^nlimy' '^''^'^^^"^^^^'^ Course (1989). A/^k^a^" 

' J^'^Munay Natural History Club: Mushroom Identification Workshop (1 996), 
. Alberta Native Plant Council: ^«,Arao«5o/,fe , 
(1M8) ^^-^ introductory Mushroom Identification Workshtp 

• i^^<ia»l Stady Coxme: MicropropagationofOrchidsfi-om Seed {im, 1999), 

Devonian Botanic Garden Master Gardener's certificate course. Invited to teach half tav 
sessions on Orchid Horticulture, lecUffes and demonstration of techniques of ^ 

w^Mrsr"'* "''^'^ '59«.>ov. 

I have given lectures for various interest groups including- 

• n:;:sZr%::i::t^^^^ 

• ^»'^««/«y °f Alberte Devonian Botanic Garden: Species conservation and orchid 

• Edmonton Mycologjca! Society: Mushroom growin 
Thailand (J998); False Morels (1996); Fungal pha 
(1990), Mycorrhizal and species-specif 



Alberta Wilderness Sportsman Club: 
Foothills Orchid Society (Calgary) 
Orchid Society of Albert?? 
Master Gardener's Club 
University of Alberta 
northwestern Nor 
BOX 1000, The^ 
Uof A Wildlif 
^^••^ -nsen ' 



nd natural history in nortk%m 
why (^99l); Spring As^^ 

nous Mushrooms of Albert^ (1 999). 
servation in Thailand ( 1 
(1998^ 



ellaceae in nc .them and 



^90). 



90). 



>«rto(1990). 



Publicat 



i:i indoor uir ::-,,-:iity spm 



a the 

■^d in the 



r'^' Abbon ^^^2. A moiir^mg medium for 

jialyses. My- . . ..i 087-1 08 8. 

■ M^i:' "^'"^ ^" ""^ ^ ' ^^^^^^^ characters Mkrnl Mia cus nmcota 
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90: 297-302. 

Abbott, S.P. and R.S. Currah. 1 997. Ti. vellaceae: systemai. 
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Sigler, L. and S.P. Abbott. 1997. Characterizing and Conserving d; n 
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Sigler, L., S.P. Abbott, and H. Gauvreau. 1996. Assessment of worker exposure to airborne molds in hc^neybee 

overwintering facilities, American Industrial Hygiene Association Journal 57: 484-490. 
Currah, R.S., S,P- Abbott, and L, Sigler. 1996. Arthroderma silverae sp. nov. and Chrysosporium vallemrense, 

keratinophilic fiingi from arctic and montane habitats. Mycological Research 100: 195-198. 
Abbott, S.P., L. Sigler, R. McAleer. D.A, McGough, M.G. Rinaldi, and G. Mizell. 1995. Fatal cerebral mycoses 

caused by the ascomycete Chaetomium strumarium. Journal of Clinical Microbiology 33: 2692-2698. ^ 
Sigler, L., S.P. Abbott, and A.J. Woodgyer. 1 994. New records of nail and skin infection due to Onychocola 

canadensis and description of its teleomorph Arachnomyces nodosetosus sp. nov. Journal of Medical 

and Veterinary Mycology 32: 275-285. 
Abbott, S.P. and R.S. Currah. 1988. The genus Helvella in Alberta. Mycotaxon 33: 229-250. 



Pubiications (books) 

Abbott, S.P. and R.S. Currah. 1 989. The larger cup fungi and other ascomycetes of Alberta, University of 
Alberta, Devonian Botanic Garden, Edmonton. 96 Pp. 

Non-refereed Publications (published abstracts, conference proceedings, technical reports, theses) 

Chase, L., D. Hedman and S.P. Abbott, 2005. Themial remediation: A new application of an old process. 

Facility Safety Management October: 20-23. 
IICRC (S.P. Abbott, contributing author). 2003. IICRC Standard and reference guide oal mold 

remediation S520. Institute of Inspection, Cleaning and Restoration Certifi . .m, v aiicouvcr, WA. 
Abbott, S.P. 2002. Microbial contamination in HVAC systems. The Constructiorj 2(9): 9. 
Abbott, S.P., D.H. Vitt, and L. Sigler. 2002. Ex-situ conservation of orchids and oichid mycorrhizal ftmgi at the 

Devonian Botanic Garden. Proceedings of the 1 6th Worid Orchid Conference. ^ r Orchid 

Society, Vancouver. Pp 429. 
Abbott, S.P. 2002. Sampling for airborne molds. The Construction Zone 2(5;. 
Abbott, S.P. 2002. Mycotoxins and Indoor Molds. Indoor Environment Connecw. 14-24. 
Abbott, S.P. 2000. Holomorph studies of the Microascaceae. Ph.D. Thesis, Univercity of Albeita Dept. of 

Biological Sciences, Edmonton. 196 Pp. 
Abbott, S.P. 1999. Diversity of decay fungi in boreal habitats. The bio-dive r ; i i nts pr : rain bicmiial report 

1 997/98, University of Alberta, Edmonton, P. 3. 
Abbott, S.P. 1 999. Orchid source book: a procedures manual for maintenance of orchid ; fJ epfhytc 

collection and display house. University of Alberta Devonian Botanic Garden. ? -n. % 
Sigler, L., P.C, Kibsey, D.A. Sutton, S.P. Abbott, E. Zilkie, D.I. McCan i A, Fct' > Monascus 

ruber, causing renal infection. Abstracts, American Society for Microc lo meeting 

Chicago. Pp. 297. 

Abbott, S., I. Johnston, L. Sigler, and D. Vitt, 1999. Ex-situ conservation of orchids .coniuzal 

fimgi at the Devonian Botanic Garden. Abstracts, 1 6th World Orchid Coni , Vancouver. 1^ 29. 
Sigler, L., S.P. Abbott, and R.C. Summerbell. 1998. Comment on the correspondence oween Dr J. G%mTO and 

Dr C. Rajendran in Medical Mycology 1998; 36: 349-50. Medical Mycology 37: 79. 
Abbott, S.P., L. Sigler, and R.S. Currah. 1998. Holomorph studies of the Microascaceae: Dispara?^ relationships 

of Scopulariopsis brevicaulis and Scopulariopsis canadensis. Abstracts, ith annual m ing of the 

Canadian Botanical Association, Saskatoon. Pp. 50. 
Sigler, L. and S.P. Abbott. 1998. Airborne mold analysis and microbial assessment of four s in SW 

British Columbia. University of Alberta Microfungus Collection and Herbarium ' 34 Pp. 

Abbott, S.P. 1997. Diversity of decay fimgi of the family Microascaceae in boreal t^^^ "fhe 

bio-diversity grants program biennial report 1 996/97, University of / pp. 49-5||. 

Sigler, L., S.P. Abbott, and J. Frisvad. 1 996. Rubratoxin mycotoxicosis by PeniciUu jorme folawing 

ingestion of home-made rhubarb wine. Abstracts, 96th general meeting of the American Socic% for 

Microbiology, New Orleans. F-22, Pp. 77. 
Sigler, L. and S.P. Abbott. 1 996. Filamentous basidiomycetes from clinical sources. In: Cult ^fecfUms to 

improve the quality of life (Samson et al. eds.). Proceedings of the eigth Inteinatior ress for 

Culture Collections, Veldhoven. Centraalbureau voor Schimmelcultures, Baam, N ds and 

Worid Federation of Culture Collections. Pp. 386-389. 
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Abbott, S.P,, L Sigler, R. McAleer, and D. McGough. 1995. Fatal cerebral mycoses caused by Chaetomium 

strumarium. Abstracts, 95th general meeting of the American Society for Microbiology, Washington 

DCF-128,Pp. 109. ^ 
Gauvreau, H., L. Sigler, and S.P. Abbott. 1995. Assessment of airborne molds as a biological hazard for Alberta 

commercial beekeepers. Alberta Occupational Health and Safety, Edmonton. 72 Pp. 
Abbott, S.P. and L. Sigler. 1994. Arthroconidial anamorphs of basidiomycetes. Abstracts, fifth International 

Mycological Congress, Vancouver. Pp. 1 . 
Abbott, S.P. and L. Sigler. 1994. Filamentous basidiomycetes from clinical sources. Abstracts, XII congress of 

the International Society for Human and Animal Mycology, Adelaide, Australia. P05.29, Pp. D133. 
Abbott, S.P. 1992. Systematic studies of the Helvellaceae in northern and northwestern North America, M.Sc 

Thesis, University of Alberta Dept. of Botany. 1 74 Pp. 
Abbott, S.P. and R.S. Currah. 1991 . Evolutionary trends towards a hypogeous existence seen in ascomycetous 

fiingi from Alberta. Abstracts, Canadian Botanical Association, Edmonton, No, 50, Pp. 34. 
McDonald, D., R.S. Currah, and S.P. Abbott. 1991. Zoophilic ascomycetes from Svalbard including a new 

genus and species in the Arthrodermataceae. Abstracts, Canadian Botanical Association, Edmonton 

No. 53, Pp. 35. 

Currah, R.S., L. Sigler, A. Flis, and S.P. Abbott. 1989. Cultural and taxonomic studies of ectomycorrhizal fungi 
associated with lodgepole pine and white spruce in Alberta. University of Alberta Microfiingus 
Collection and Herbarium, Devonian Botanic Garden, Edmonton. 100 Pp. 

Abbott, S.P. and R.S. Currah. 1988. The genus Helvella in Alberta with special emphasis on a new species in 
the section Acetabulum. AbstracU, Canadian Botanical Association, Victoria. Pp. 82. 



Invited Presentations 

Sep. 25, 2005 Invited speaker for Connections Convention and Trade Show, Las Vegas, NV. 

Lecture: Microbiology of the Indoor Environment. 

Jul. 12, 2005 Invited speaker for ThermaPureHeat-WaterOut Symposium, Phoenix, AZ, Lecture: 

Microbial Aspects of Thermal Remediation. 

Mar. 1 1 , 2005 Invited speaker for American Indoor AirQ Santa Barbara 
Chapter, Ventura, CA. Lecture: Microbial issues Other Than Mold Affecting Indoor 
Air Quality, 

Feb. 17, 2005 Invited speaker for Environmental Solutions A -^ Nation (ES A' First Annual 

Conference, Atlantic City, NJ. Lecture: Mic '-hr-is and Data 
Interpretation. 

Jun. 4, 2004 Invited speaker for Precision Environmen ThermaPu Lecture: 
Why Heat? Microbial Aspects of Thermal Remediation. 

Oct. 24, 2003 Invited speaker for Americar: >v Council (AmIAQ), Sa^Babara 

Chapter, Inaugural Meeting, Santa B« -^cture: S-520 - The liCRC 

Standard for Mold Remediation: A Status R^,.. 

Jul. 3 1 , 2003 Invited speaker for USDA Rural Development, Multi-iii.. wners & 



Managers Policy Meeting, Cai^on hire- fV/r 



nvironm.ents. 



June 14, 2003 Invited speaker for American Institute of Archut ^.t. . .m^Mold: 

The Causes, The Consequences, The Cure And ''Cookmg The Mail. 

May 1 7, 2003 Invited speaker for Nevada Association of Certified Real Estate l-i pe*: rs 

(NACREI), Reno, NV. Lecture: Investigationg Fungal Contaminan<.>n i Indoor 
Environments, 
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Nov. 21, 2002 Invited speaker for the Association of Applied IPM Ecologists, 2"^ School and Urban 

IPM Workshop, Elk Grove, CA, Lecture: Integrated Pest Management-Control of 
Insects and arthropods vectors of sporedispersal in fungi, 

Nov. 6, 2002 Invited speaker for American Indoor Air Quality Council, Los Angeles, CA. Lecture: 

The HEAT is on: Insects and other arthropods as agents of vector-dispersal in fungi. 

Oct. 24, 2002 Invited speaker for Ventura County Coastal Association of Realtors, Oxnard, CA. 

Lecture: Mold contamination in buildings: Health, legal and remedial Issues. 
Welcome to the kingdom Fungi. 

Oct. 1 6, 2002 Invited speaker for National Parks Service, Yosemite, CA. Lecture series on 

Integrated Pest Management Lecture: Insects and other arthropods as agents of 

vector-dispersal in fungi. 

Sep. 12, 2002 Invited speaker for Apartment Association Southern California Cities, Long Beach, 

CA. Lecture: Fungi in indoor environments, 

July 2 1 , 2002 Invited speaker for California Association of Medical Laboratoiy Technicians 

(CAMLT), Sparks, NV. Lecture series co*presented with Dr. Nancy McClenny: 
Lecture: Environmental Mycology, 

July 18, 2002 Invited panel member for CM/WLS Roundtable, Sacramento, CA. Served as 

mycology/microbiology expert for panel discussions. 

May 1 8, 2002 Invited speaker for Nevada Association of Certified Real Estate Inspectors 

(NACREI), Reno, NV. Lecture: Investigationg Fungal Contamination in Indoor 
Environments, 

May 4, 2002 Invited speaker for American Society for Microbiology Northern California Chapter 

(NCASM), Santa Clara, CA. Lecture series co^presented with Dr. Deanna Sutton: A 

day of mycology, 

Apr. 10-11, 2002 Invited speaker for Western Regional Conference on Lead, Mold, Healthy Homes 

and Children's Environmental Health, Bericeley, CA, Lecture: Strategies and Tools 
for Conducting Environmental Assessments; Chair of Technology Demonstrations 
and Discussions session . for the Workshop on Developing, Managing and Financing 
a Healthy Homes Program, 

Oct. 19, 2001 Invited speaker for American Industrial Hygiene Association Southern California 

Chapter, Long Beach, CA. Lecture: Mold/Fungi sampling techniques, data 
interpretation and guidelines. 

July 13, 2001 Invited speaker for Rocky Mountain Center for Occupational and Environmental 

Health, University of Utah, Denver, CO. Lecture series: Indoor Mold Issues: an 
overview. 

Apr. 20, 2001 Invited speaker for Rocky Mountain Center for Occupational and Environmental 

Health, University of Utah, Salt Lake City, UT. Lecture series: Indoor Mold Issues: 
an overview. 

Apr. 19, 2001 Invited speaker for IHI Environmental, Salt Lake City, UT. Lecture: The biology of 

indoor molds. 

Apr. 6, 2001 Invited speaker for Safe Environments & Precision Works, Inc., San Mateo, CA. 

Lecture: Mold contamination in buildings: health, legal and remedial issues. 
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Mar. 29-30, 2001 

Sep. 27, 2000 
May 9, 2000 
Feb. 22,2000 

Mar. 27-28, 1998 

June 4-6, 1993 

Additional Training 

2005 

2000 
1999 
1996 
1995 

1994 
1993 



invited speaker for American Industrial Hygiene Association Arizona Chapter, 
Phoenix, AZ. Lecture series co-presented with Dr. Phil Moray: Advanced course in 
bioaerosol investigations. 

Invited speaker for the Environmental Law Forum, San Francisco, CA. Lecture: 
Indoor air quality (lAQ), moisture intrusion and microbial amplification. 

Invited speaker for SINA Environmental Educational Seminar: Mold & Fungi, 
Dublin, CA. Lecture: Mold growth in indoor environments. 

Invited speaker for Benchmark Environmental Training, Mold and Indoor Air 
Quality Seminars, Freemont, CA. Lecture: Implications of fungal growth in the 

indoor environment. 

Invited speaker for Woodlot Association of Alberta, Non-timber Forest Products 
Workshop at Olds College, Olds, AB. Lecture: Mushrooms as a non-timber 
alternative. 

Invited lecturer for Alberta Natural Areas Volunteer Steward Conference, hosted by 
the Natural and Protected Areas Section of Alberta Environmental Protection, at 
Seebee, AB. Lecture: Mushrooms of Alberta. 



Susceptibility Testing and Non-Fermentor ID (Gram-negative bacteria), workshop 
by P. Schreckenberger, sponsored by the Hardy Diagnostics, Palm Springs, CA, 
January 21, 2005. 

Identification of common Penicillium species, workshop by J. Pitt sponsored by the 
National Laboratory Training Network, New Orleans, LA, April 11-15, 2000. 

Commercial Horticulture - Tissue Culturing, course attended through the U of A 
Devonian Botanic Garden Education Programme. 

Radiation Safety Course, certificate received from Radiation Control Committee, 
Occupational Health and Safety, University of Alberta. 

Digital Microscopy & the Internet and Applications of the Variable Pressure SEM 
Workshop, hosted by Nissei Sangyo Canada and Surgical-Medical Research 
Institute, University of Alberta. 

Biological Scanning Electron Microscopy Course, certificate received from Surgical- 
Medical Research Institute, University of Alberta. 

Transport of Dangerous Goods,^ATA Training Course, certificate received from 
Biosafety Officer, Occupational Health and Safety, University of Alberta. 
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Other Evidence of Scholarly and Creative Achievement 



May 6, 2004-present Invited participant of IICRC S520 Revision Committee, inaugural meeting, San 
Diego, CA. Invited to join IICRC S520 Committee as chair Fungal Ecology 
Committee, co-Chair of S5 20 Glossary Committee, and member for the Health 
Effects Committee and Tools. Equipment, Materials Committee: Preparation and 
review of final draft of revised S520 publication of fungal remediation standard. 

May 4, 2003-Dec 2(X)3 Invited participant of IICRC S520 Committee meeting, Las Vegas, NV. Invited to 
join IICRC S520 committee member for Fungal Ecology Committee: Preparation 
and review of fmal draft of S520 publication of fungal remediation standard. 



March 2003-present 
Jan 2002-present 
Jan 2003-present 
Feb 23-26, 2001 

Dec 2000 

Jul 22,1999 

Apr26-May 1, 1999 

Dec 15-31, 1997 



Mar 26, 1997 
1987-1999 

1992-present 



Invited to provide scientific consultation for the Nevada Senate Subcommittee 
regarding pending mold-related legislation (SB 131, 132 in 2003; AB 303 in 2005). 

Serve as Chair of the Basic Science Committee of the Indoor Environmental Institute 
(lEI). 

Serve on the Founding Advisoiy Board for the American Air Quality Council 
(AmIAQ), Santa Barbara Chapter. 

Visiting scientist at the Centers for Disease Control (CDC), Atlanta, GA. Study of 
laboratory techniques and cooperative discussions with Dr. B. Fields and staff 
regarding testing of environmental samples for the presence of Legionella bacteria. 

Served as peer referee for grant application submitted to The National Science and 
Engineering Research Council of Canada (NSERC), application for operating ftmds 
for individual scientist/university professor. 

Received Certificate of Appreciation for Outstanding Volunteer Service in 
Horticulture from the University of Alberta Devonian Botanic Garden for assistance 
with establishment and maintenance of the orchid collection (1998/1999). 

Attended World Orchid Conference, Vancouver. Presented conservation poster (see 
publications). Served as conference co-organizer for the micropropagation 
demonstrations which provided the public an opportunity to leam about the complex 
laboratory requirements of orchid propagation from seed. 

Invited visiting scientist and lecturer at Maejo University, Chiang Mai, TTiailand. 
Cooperative studies between the U of A Devonian Botanic GardcB and Maejo 
University Faculty of Agricultural Production. Areas of focus included conservation 
of botanical biodiversity, orchid horticulture, and public education and awareness of 
natural history. 

• Final Report (Abbott, S.P. 1998. University of Alberta Devonian Botanic Garden 
- Maejo University Dept. Horticulture Linkage Project) submitted to Uof A 
Dept. Rural Economy, Faculty of Agriculture, Forestry and Home EcoiMMnics, 
and the Canadian International Development Agency (CIDA). 

Ph.D. Candidacy Examination: Pass with commendation, 

I served as a registered consultant for the Alberta Poison Control Centra for cases of 
mushroom poisoning in central and northern Alberta and NWT. 

Served as peer reviewer for manuscripts submitted to Mycologia, Medical 
Mycology, The Bryologist, Canadian Journal of Botany, Mycological Research, and 
Kew Bulletin. 
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Founding member of the Edmonton Mycological Society and executive officer 
(Editor 1987-1991; Program Coordinator 1 996- 1 999). 

Various articles submitted for newsletters and amateur publications including: 
The Kinnildnnick (Friends of the Devonian Botanic Garden): 8 articles including: 

• Abbott, S.P. 1999. The I6th World Orchid Conference. Kinnikinnick 14 
(2): 7-8. 

• Abbott, S.P. 1999. The orchid house: settling in and spreading the word. 
Kinnikinnick 14(1): 1-3. 

• Abbott, S.P. 1998. The epiphytic garden: evolution of the orchid house. 
The Kinnikinnick 13 (2): M. 

• Abbott, S.P. 1997. A new orchid collection. The Kinnikinnick 12 (2): 1- 
3. 

• Sigler, L. and S.P. Abbott. 1996. Homemade rhubarb wine health alert. 
The Kinnikinnick 1 1 (3): 6-7. 

• Abbott, S.P. 1996. The incredible Stanhopea orchid. The Kinnikinnick 
10(1): 9-10. 

• Sigler, L. and S,P. Abbott. 1995. Furnace fungi and indoor molds - 
Fungi to be feared? The Kinnikinnick 9 (3): 8-9. 

Orchid Society of Alberta Newsletter: articles and notes including: 

• S.P. Abbott. 1 999. The epiphytic garden: a brief history of the Orchid 
House at the Devonian Botanic Garden. 38 (3): 4-5. 

The Foothills Orchid Society Newsletter: articles and notes including: 

• S.P. Abbott. 1999. The epiphytic garden: a brief history of the Orchid 
House at the Devonian Botanic Garden. April 1999: 5-6. 

The Stinkhom (Edmonton Mycological Society): Vols. 1-5, over 20 articles 
including: 

• Abbott, S.P. and L. Abbott. 1991. The Alberta Verpa report. The 
Stinkhom 5 (1): 13-18. 

• Abbott, S.P. 1991. Pet poisonings. The Stinkhom 5 (1): 22-23. 

• Abbott, S.P. 1 99 1 . Book reviews - Mushrooms of western Canada. The 
Stinkhom 5 (1): 41. 

• Abbott, S.P. 1 988. the genus Helvella. The Stinkhom 2 (1 ): 12. 

• Abbott, S.P. 1987. Foray at the Botanic Garden. The Stinkhom 1 (1):14- 
15. 

• Abbott, S.P. 1987. Pholiota squarrosa poisoning. The Stinkhom 1 (1): 
24. 

The Mycelium (Toronto Mycological Society): 1 article. 

• Abbott, S.P. 1982. Russula poisoning. The Mycelium 8 (5): 3. 

Interviewed for newspaper articles in The Construction Zone (Las Vegas, IW), The 
Edmonton Sun (Edmonton, AB), The Edmonton Journal (Edmonton, AB), The 
Devon Dispatch (Devon, AB), Folio (Edmonton, AB), The Gateway (Edmonton, 
AB), The Morinville & District Gazette (Morinville, AB), St, Albert Gazette (St. 
Albert, AB). Topics include mold contamination, wild mushrooms in Alberta, fairy 
ring mushrooms, snow mold, orchids, etc. 

Interviewed for television: KTVN Channel 2 News (Reno, NV); CFRN news 
(Edmonton, AB); ITV First news (Edmonton, AB); Channel 10 (Edmonton, AB) and 
radio: CBC 'The Good Question' (Edmonton, AB); CBC (Calgary, AB) regarding 
fungi, bacteria and orchids. 

Coordinator of "Mushroom Magic", an annual event highlighting mushrooms and 
other fungi, aimed at increasing public awareness of fungi, hosted by the Devonian 
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Botanic Garden and Edmonton Mycological Society. 



Coordinator of Devonian Botanic Garden Seminar Series. 

Schalkwyk Conference, Fungi of Western Canada, Conference Organizer (Foray 
Coordinator, Jasper National Park Liaison and Transportation Assistant 
Coordinator). Presented paper: Heivellaceae of Western Canada, 

Helped with organization of Canadian Botanical Association meeting in Edmonton, 
served on Volunteer Committee as chair of 'Registration Packages' group and as 
projectionist. 

Editor of The Stinkhom (Edmonton Mycological Society), Volumes 1 -5, a 
publication of amateur mycology in Alberta comprising articles on Alberta 
mushrooms, species lists, mycological news, illustrations by local artists, etc. 

Visiting student at the Mycological Herbarium, Royal Botanic Gardens, Kew, 
England (B. Spooner/ D. Pegler) and the Internationa] Mycological Institute, Kew, 
England (B. Sutton/ P. Cannon/ J. Pryce). 

• Independent study examining collections of Heivellaceae. 

Memberships in professional and scientific societies: 

• American Conference of Governmental Industrial Hygienists (2002-2005) 

• American Indoor Air Quality Council (200 1 -present) 

• American Industrial Hygiene Association (2001 -present) 

• American Orchid Society (2001 -present) 

• American Society for Microbiology (2002-present) 

• Edmonton Mycological Society (1987-1999) 

• Indoor Air Quality Association (2002-present) 

• Indoor Environmental Institute (2002-present) 

• Mycological Society of America (1996-present) 

• North American Mycological Association (1981 -present; life member) 

• Orchid Society of Alberta (1998-1999) 

• Orchid Society of Northern Nevada (2003 -present) 

• Pan American Aerobiology Association (2002-present) 

• Toronto Mycological Society (1981-1 984) 



1995/96, 1998 
Sep 5-8, 1996 

Jun 23-27, 1991 

1987-1991 

Jan-Febl991 
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Abstract ^ 

An air quality study was conducted in arid-region residences that were cleaned and reoccupied following a 
major regional flood (Arkansas River, Colorado, USA). This demonstration study leveraged a suite of aerosol 
measurements to assess the eflFects of common flood reclamation practices on indoor air quality. These assays 
included (i) optical counting (OPC) of airborne particulate matter (0.3-5 iim optical diameter), (ii) composite ob- 
servations of volatile organic compounds ( VOC), (iii) culturing and direct microscopic counts of airborne bacteria 
and fungi, and (iv) air-exchange rate measurements. As judged by OPC, most of the .flood. damaged homes sur- 
veyed had higher concentrations of airborne particulate matter indoors than outdoors; the same trend was observed 
for selected VOC. When compared to large literature databases, culturing from air samples collected in houses 
reclaimed from flood damage had significantly higher afrbomc microorganism levels than in houses where no 
flood damage had occurred— in many cases this difference was between two and three orders (^magnitude. As 
determined by direct epifluorescence microscopy, total airborne microorganism concentrations were 3-1000 times 
higher than those recovered by conventional culturing. In flood damaged homes, biological particles averaged 
52% of the total particles measured indoors, and 18% of the total particles measured immediately outdoors. Rel- 
ative differences between the indoor and outdoor concentrations of airborne particulate matter, microorganisms, 
and associated VOCs, suggested that flood-impacted building materials were sustaining high aerosol bioburdens and 
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contributing to poor indoor air quality more than 3 months after the structures had been reclaimed from flood 
damage. 

© 2004 Elsevier Ltd. All rights reserved. 

Kevwi^rdx- Bioaerosol: Indoor air quali ty: Funei: Bacteria: Flood 



L Introduction 



Poor indoor air q u a lity h a s been shmvn tn raiKP aHvprsp hpaltli pffi>rtQ WHiIp air qii aHty Ir^ Ajr^ f^^ ^ j^^ 



exposure levels are v^ell defined in terms of certain chemical compounds and particulate matter, they are 
poorly defined regarding airborne contaminants of microbiological origin. As a generic class of airborne 
pollutants, particulate matter usually associated with compounds of biological origin is often termed 
"bioaerosol". This definition includes all airborne microorganisms regardless of viability or ability to be 
recovered by culture; it comprises whole microorganisms as well as ftactions, biopolymers and products 
fi-om all varieties of living things (ACGIH, 1999). Indoor bioaerosols can originate fi^om outdoor air or 
from internal sources such as building occupants and their activities, and building materials that host 
microbiological growth. 

Numerous indoor air quality publications report that airborne biological particles range in aerodynamic 
diameter between 0.01 and 100 ^m (ACGIH, 1999). In many indoor envirc imei i.rbome bacteria, 
fimgi and their fragments may fall into a respirable size range that can penetrate deep into htanan lungs 
(< 10 >im) (Gomy et al., 2002; Reponen, Grinshpun, Conwell, Wiest, & Anderson, 2001). Higher respi- 
ratory morbidity and allergic complaints have been observed in occupants of mold-colonized structures 
in several studies (Brunekreef et al, 1989; Dales, Zwanenburg, Burnett, & Franklin, 1991; Piatt, Martin, 
Hunt, & Lewis, 1 989; Strachan, 1 988; Verhoeif & BuiBe, 1 997; Verhoeff, van Wljnen, & van Bnmekreef, 
1995). High airborne bacteria concentrations have also been positively correlated to af e respiratory 
symptoms (Bjomsson et al., 1995), However, bioaerosol concentrations responsible Jverse health 
effects have not been defined. 

Airborne bacteria and fimgi can be toxigenic, allergenic and/or infectir iiy complete 

microorganisms can be infectious, toxic and allergic reactions can be cau^ uj ganism frag- 

ments or byproducts (Burrell, 1991; WHO, 1990). Examples include iotoxir pound found 

in Gram-negative bacteria cell walls (ACGIH, 1999); microbial volat..^ organ' mds (VOC), 

products of bacterial and fungal metabolism (ACGIH, 199^^ r, 1992); ^.«s^ found in 

fimgal cell walls (ACGIH, 1999); and mycotoxins, produce mgp' fkot^^ Swen- 

son, Nealley, Gots, & Kelman, 2000). Cell and spore fragmei. ,.>0Ti int soiaiws of aller- 

gens and toxins, as their numbers can be several magnitudes high .ails or nores rdfeascd from 

building materials, depending on the species, environmental condiiic i p id v d velocity (Gomy 
et al., 2002). 

Fungal and bacterial grovi^h, in and on water-damaged buildmg mr n ial heaMi hazard 

and many recent reports contain evidence to support this obs^^^^*^^- ao, i ^96; Baidaaa, 2003 ; 

Zureik et al., 2002). The incidence of human disease has l . . .. . ^ crease marked^ following 

the flooding of residential areas (Marwick, 1997; MMWR, 1993a, b, 1994). While some of these diseases 
can be traced to waterbome infectious agents and to conventional disease vectors (i.e. mosquito^X many 
cannot be linked to specific sources. In this context, there is relatively little information regarding aerosol 
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exposures within flood damaged residences to suggest an epidemiological link between exposure and 
adverse health outcomes. 

The literature concerning human bioaerosol exposures and associated regulatory limits is tenuous. 
At present, neither the US Environmental Protection Agency (EPA) nor the National Institution of 
Occupational batety and Health (iNJUJiHj nave proposed concentration limits for bioaerosols. One of 
the earliest guidelines was proposed in 1946 which suggested that no more than 0.1-20 colony forming 
units (CFU)/ft^ should grow in 24h in operating theatres (Topley, 1955). The American Conference of 
Governmental Industrial Hygienists (ACGIH) reported interim indoor bioaerosol exposure guidelines 
based on culturable levels of bacteria and fiingi, but these guidelines have been repealed since 1999. 
Thnse giiid f^litips recommended that less than lOOCFU /m^ was an acceptable level (ACGIH. 1989). 
The Health and Welfare department in Canada proposed the following guidelines: (1) 50CFU/m^ of 
one species of fungi warrants immediate investigation; (2) the presence of certain fimgal pathogens is 
unacceptable; (3) 1 50 CFU/m^ of mixed species is normal; and (4) up to 500 CFU/m^ is considered ac- 
ceptable if the species present are primarily Cladosporium (Environment Canada, 1 989; WHO, 1 990). The 
European Union also suggested bioaerosol concentration exposure thresholds in terms of CPU, suggesting 
guidelines for residential and industrial environments (CEC, 1993). More recently, G6my and coworker 
reviewed Eiiropean literature databases on residential indoor air quality and proposed the following res- 
idential limit values: 5 x 10*^, 5 x 10^ CFU/m^, and 5ng/m^ for airborne fungi, bacteria and bacterial 
endotoxin, respectively; the presence of pathogenic fungi is considered unacceptable in any concentration 
(Gomy & Dutkiewicz, 2002). In 1994, the New York City Department of Health issued guidelines for 
assessment and remediation of indoor fungal contamination. This report qualified recommendations in 
the context of biological indoor air quality problems with the statement "it is not possible to determine 
"safe" or ^'unsafe" levels of exposure...*' (NYC-DOH, 1994). To determine the presence of significant 
indoor microbiological sources, these guidelines also recommended comparisons of the species recovered 
from standard plate counts in addition to comparing the microorganism concentrations recovered from 
parallel air samples collected indoors and outdoors. These recommendations have become standard for 
many other organizations (ACGIH, 1999; WHO, 1990), and an extensive review by Rao and Burge lists 
many organizations and the guidelines they have presented (Rao, Burge, & Chang, 1996). 

Most of these guidelines are based on baseline (l3io)aerosol concentrations, without taking into account 
effects on human health (Rao et al., 1996). In addition, most studies have proposed threshold bioaerosol 
concentrations based on culturing assays (Reponen, Nevalainen, Jantunen, Pellikka, & Kalliokoski, 1992; 
Reynolds, Streifel, & Mc Jilton, 1990; Robertson, 1997; Yang, Lewis, & Zampiello, 1993). Organizations 
such as NATO and WHO have concurred that, there is a need to develop more acctirate and robust methods 
for characterizing biological aerosols (Maroni, Axelrad, & Bacaloni, 1995; WHO, 1990). Since many 
bioaerosol associated diseases are not dependent upon infection to induce adverse health effects, it is 
important to quantify all microbial cells that are suspended in the air, as well as differentiating between 
those that are metabolically active, those that are culturable, and those that are non-viable (Hernandez, 
Miller, Landfear, & Macher, 1999). 

A goal of this demonstration study was to compare common and emerging air quality indices observed 
in a cohort of single-family residences reclaimed after an arid-region flood, to those observed in non- 
flood impacted homes. A residential demonstration study was performed in Southern Colorado, USA, 
where, due to heavy rains, the Arkansas River flooded the city of La Junta. Both indoor and outdoor 
air was sampled several months after the flooding had occurred and after fiiH-scak remediation efforts, 
when residents had cleaned and returned to their homes. Novel air sampling paradigms and equipment 
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were used to determine the total airborne bacteria and fimgi concentrations within residences after they 
were reclaimed from flood damage; these were executed in parallel with conventional culturing assays 
using non-selective media. These concentrations, together with air-exchange rate monitoring, VOC and 
airborne particulate matter measurements, were used as evidence to determine if the reclamation efforts 
following flood damage mitigated the potential tor significant microorganism enrichments ot mdoor air 
(i.e. higher indoor concentrations). 

2. Materials and methods 

2J. Microbiological air quality sampling protocol 

The following protocols were applied to monitor building air-exchange rates, airborne microorgan- 
ism concentrations — both total and culturable — and critical environmental factors in the flood-damaged 
homes. 

Air-exchange rates were estimated using tracer gas tests. Thirty minute monitoring of a CO2 spike 
(and its subsequent decay) was executed in the main room of the flood-damaged residences. Following 
CO2 tracer tests, bioaerosol samples were collected in swirling liquid impingers (3 h) (Willeke, Lin, & 
Grinshpun, 1998) and conventional N6 Andersen impactors (1 or 2min) (Andersen, 1958), while total 
airborne particle concentrations in the size range between 0.3 and 5 ^m optical diameter (OD), were 
concurrently monitored for up to 4 h. Temperature and relative humidity were recorded hourly during the 
sampling campaigns. 

2.2. Residence selection 

Indoor and outdoor air samples were collected and characterized in eight single story flood-damaged 
houses and one non-flooded house. Building selection was based on similarity in extent of flood damage, 
the structure (single level), age and construction materials, as well as remediation status (complete). 
Cleaning was considered complete when wetted carpets had been replaced, soaked dry walls and subfloors 
had been patched or replaced, non-structural surfaces had been washed with bleach, and forced-air dryers 
had been applied. Air sampling was executed between 2 and 3 months following their cleaning and 
reoccupation. This coincided with the simmier season, when outdoor bioaerosol concentrations have been 
implicated as the major source of indoor bioaerosol concentrations in residential buildings (Nevalainen, 
Pasanen, Reponen, Kalliokoski, & Janmnen, 1991). Passive ventilation (open windows and doors) was 
the main method used to ventilate these residences when occupied during the sunmier months. 

Residents carried out their normal activities up to a couple of hours before air sampling commenced. 
Because of the short-term effects of everyday activities on indoor bioaerosol concentrations (Lehtonen, 
Reponen, & Nevalainen, 1 993), there were no human or animal activities in the residences during the sam- 
pling campaigns. Special care was taken not to disturb the residences' interiors; this practice was meant to 
minimize particle reaerosolization and provide for sampling normalization among the residences sampled. 

2.5. Environmental monitoring 

Temperature and humidity probes (Fisher Scientific, Fullerton, CA) monitored relative humidity and 
temperature hourly, both indoors and outdoors, during all sampling periods. To minimize temporal 
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variations, tracer gas studies were executed, and indoor and outdoor air was sampled at the saiRie times, 
between 9 am and 2 pm, in every residence. Wind speed data and general weather conditions were obtained 
from a local meteorological station (La Junta Municipal Airport, La Junta, CO). 

2.4, Air-exchange rates ~~ / • ^ 

Tracer gas tests were used to estimate air-exchange rates of the residences under the conditic^ns mon- 
itored; these CO2 tests were modified from a widely accepted decay method (Kronvall, 1981; Winbeny 
et al, 1993). The protocol for the decay test was as follows: CO2 gas was injected in the residerices, and 

ftH^wftH tn mix and armrmilatp tn a IpvpI nf 5000 partQ..pf»r>Tnini'nTi (pprn) Onrft Sn n Oppm was Yeached, 

CO7 injection was ceased and the CO? concentration was recorded every minute until the gas hag j reached 
background levels (typically 800 ppm indoors). Carbon dioxide was used as a tracer bee ^}^ itis anon- 
reactive gas that is easy to monitor and does not pose a health threat at the concentratiui^s used. CO2 
was measm-ed using a Langan CO2 probe fitted with a microprocessor for continuous data ^acquisition 
(Langan Products, Inc., San Francisco, CA). 

Indoor air mixing was facilitated by small household 120 V box fan (33 cm diameter) placM in the 
rooms sampled. To reduce the potential for spore release from building materials ^ Reponen, 
Grinshpun, & Willeke, 2001 ; Pasanen, Pasanen, Jantunen, & Kallikoski, 1991), mixing i ^ were placed 
in a manner that did not direct airflow towards the walls. Fans were operated accmcmg to following 
protocol: ON during tracer gas injection and bioaerosol sampling, and OFF during COz tr mitoring. 

2.5. Microbiologically associated volatile organic compounds (MVOC) 



Air samples for selected VOC analyses were drawn ^ 
(Air Quality Sciences, Marietta, GA) using 
for 4h at a flow rate of 0.2 L/min, collecrir 
the ground, hanging vertically from a rack 
other potential VCX^ sources. At the enr ^mpi 
and analyzed with a gas chromatograph ^pectrom 
Based on the laboratory equipment sensitivity and 
reported were lOng/m^. 

2.6. Bioaerosol collection and analyses 



ass tube containing a u\ a:ec arbon media 
4 XR8, SKC Ibc, Eir ty four, PA) 
e placed approx' iy 2 m above 
pi rubes away M or close to 

od, ibes were vemight on ice 

g widely a meinods (AQS, 1997). 

acte4 dete ^rnits for ^ a compounds 



2.6,1. Swirling liquid impingers: BioSanipk^^ 

Bioaerosol samples were collected using liquid impiagers according to a- methods <Lin 

et al., 1 999, 2000; Willeke et al., 1 998> acturer's spec if: cations a3ioSampii Inc., Eighty 

Four, PA). The efficiency of the Bio ..pier njied with 20 mi of atcr is 79% for 0.3 irticies, 89% 
for 0.5 ^m particles, 96% for 1 inm particles and 1 00% for 2 ^m particles (Willeke et ai 98). Particle- 
free, autoclaved 0.01 M phosphate-buflfer saline (PBS) containing 0.01% Tween 80 (SIC A, St Louis, 
MO) was used as the collection medium in all impingers. For bioaerosol sampling, three BioSamplers 
were placed in clusters at least 1 m above the ground, indoors and outc.;ors. Outdoor samples were 
located at least 1 m above the ground, several me rs away from open doors and windows to minimize the 
influence from indoor sources. If samplers had to ' ^ced closer to doors, these were kept shut during 
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the experiments and alternate routes of entry were used to check the indoor samplers. The BioSampler 
inlets were oriented such that their directions defined the points of an equilateral triangle, which provided 
multidirectional collection and reduced any near-field sampling effects the impingers may htve had 
on each other. All impingers were connected to a rotary vane-type vacuum pump (model 1023-1 01 Q- 



G608X, Gast Inc., Benton Harbor, MI) and collected air at a flow rate of 12.5 L/min (SD = 0.7 Q mm). 
The vacuum pumps were operated for 5 min prior sampling to assure a constant vacuum source. Flow 
rates were monitored by three 50 L/min capacity flow meters (Gilmont^ Instruments, Barrington, IL) and 
calibrated with a primary standard airflow bubble meter (Gilibrator, Gilian Instrument Coip., Clearwater, 

FL). 

PinS a mpl^rQ npftrntftH fnr n mmirmim nf thrPP rnncfTiithff* hnnrg Hnritig whirh tiW thf*y f ^ pHf pf ^ fj 



79sn T nf air Diinng extended BioS amnler operations, the reservoir liquid evaporates, which can lead to 
collection efficiency reductions from re-aerosol ization and particle bouncing (Lin et al., 1999; Willeke 
et al., 1998; Grinshpun et al., 1997; Lin et aL, 1999). To keep collection efficiency constant, a sterile 
phosphate saline buffer solution was periodically added to maintain the impingers' reservoir volumes at 
the manufacturer's recommended level of 20 ml. Buffer was prepared and autoclaved in the laboratory, 
and, as a precaution, was filter sterilized on-site using a Nalgene vacuum bottle fitted with a 0.2 jmi pore 
filter just prior to using. Approximately every 30 min the pumps were turned off and any evaporated 
capture buffer was quickly replaced by injecting sterile buffer down the impinge ' neck. Forlhis study, 
which was executed in an arid region with low humidity, it was necessary to repls ^proximately 4 mL 
(±1 mL) of buffer every halfJiour to keep the manufacturer's recommended Is within the 

impingers' reservoirs. Before sampling, impingers were washed with deionized ad 70% ethanol 

and autoclaved for 1 5 min at 1 2 1 °C. Immediately after collection, samplers were siuf on ice to minimize 
microorganism growth, and shipped to the University of Colorado environmental microbiology laboratory 
(within 4 h) where their contents were aseptically diluted for direct micros^ and transfer ^to agar 
plates. 

2.(5.2. Microorganism enumeration: culturability assays v 

A modification of a standard plate count method (Gerhf . ' was used 

to enumerate culturable bacteria and fungi retained in the /ithin 4h after c^rikction, 

liquid samples from impingers were cultured on plates licwair aJ di' ar (Spiral Kotech, 

Inc., Bethesda, MD) according to the manufacturer's recorr r- j^aiions. At k fee r plicatesBof each 
sample were cultured. A comparison of culturable coon:: Cc':^^:xAmd with spiral } ater, aad those 
determined by standard spread plate methods, showed \i a diS s between fce w:overy 

of these methods (based on an independent /-test, a = 0. , and i a? e sj ilater methcji ^i®riability 
was lower than that of the spread plate method (coefficier t : f varia CV s 5? lower spiral 
plating method, /i = 10). 

For culturing assays, agar plates were prepared up to a week in adva ce and red unier aseptic 
conditions. Culture plates were refrigerated at 10 prior to use, and care was takcii to avoid iftie drying 
effects of long exposures to room temperature or direct sunlig t. Bactena were cultured on tayptic soy 
agar (TSA) (Difco Laboratories, Detroit, Ml) including O.S • cycloheximide (SIGMA, St. Lmm, MO) 
to prevent fiingal growth (Schillinger, Vu, & Belliii, 1999). Fungi were cultured on malt €atoct agar 
(2% MEA) (Difco Laboratories --t, MI), which is recommended by the American Ccaifeience of 
Governmental Industrial Hy^.-^ '^^H) as a non~?c!ectiye fiinga] agar (ACGIH, 1999) imrluding 

0.05% chloramphenicol (SIGMA, St. ^ MO) to inhibit bacterial growth (Schillings ^ aL, 1999). 



M.R Fabian et al /Aerosol Science 36 (2005) 763- 783 769 

This broad-Spectrum fungal medium has been recommended for determination of building associated 
fungi (Samson et al., 1994). Once inoculated, bacterial plates were incubated at 37 °C for 14 days, and 
CPUs counted every 3 days. Fungal media plates were incubated al 25 °C for 14 days and CPUs counted 
every 3 days. ; 

2.6 J, Microorganism enumeration of impinger reservoir contents: microscopy assays (total 
microorganism counts) 

Epifluorescence microscopic counting was used to enumerate the total numbers of bacteria and ftmgi 
(culturable, and non-culturable) captured in impinger samples. For microscopy, cells were stained with 
Acndme Urange (AO) (Fisher Scientific, Springfield, NJ), a fluoiesceiii stain Uxat nuu-selectivtly binds 
lu nuckic acids (Ilobbie, Daley, & Jasper, 1977). Samples for total cell counts were stained Rt a final 
concentration of 0.001% AO, incubated for 1 min at room temperature, and filtered through a 25 mm 
diameter black polycarbonate filter with a pore size of 0.2 ^m (Poretics, Inc., Livermore, CA). All direct 
counts were reported based on counts from the average of 10 microscopic fields. Mounted filters were 
examined under l OOOx jnagnification using a Nikon Eclipse .E400 epifluprescence microscope fitted with 
a mercury lamp and polarizing filters (HBO-1 00 W mercury lamp; F/TXRD X excitation filter; F/TXRD 
M emission filter; F/TXRD BS beamsplitter (ChromaTechnology Corp., Brattleboro, VT)). A 24-bit 
color digital camera (Spot Camera, Diagnostic Instruments, Sterling Heights, MI) captured fluorescent 
micrographs, which were then viewed and archived using Adobe Photoshop 5,0 software (Adobe Systems, 
San Jose, CA). 

2.6.4, Microorganism enumeration: culturability assays via solid agar capture in Andersen impactors 
A one-stage N6 Andersen impactor (Graseby- Andersen Instruments, Smyrna, GA) was used to compare 

impaction recovery of airborne bacteria and fimgi to that obtained using BioSamplers. This stage collects 
particles with a 50% cut-off aerodynamic diameter (J50) of 0.65 ^im. Impactors were connected to a 
vacuum pump (model 10709, Andersen Samplers Inc., Atlanta, GA), which collected air at 28.3 L/min. 
Impactor pumps were calibrated using a bubble meter (Gilibrator, Gilian Instrument Corp., Clearwater, 
PL). Either 28.3 or 56.6 L of air were collected for each sample (1 or 2 min sample time). The impactor 
equipment was washed and sterilized with 70% ethanol prior to sampling, and the impactor was operated 
for 30 s with a sterile, HEPA filtered air to purge any microorganisms trapped from previous handling. 
Blanks were included to verily sterility. Impactors were placed 1.5 m above the floor, more than 3 m from 
the BioSamplers. One indoor and one outdoor impactor sample was collected in each house. 

Agar plates loaded into the impactor were prepared according to manufacturer's recommendations, 
and media plates were incubated and counted as previously outlined. Colony counts were adjusted with 
a positive-hole correction factor to account for the possibility of collecting multiple particles through 
single holes on the Andersen sampler stages (Macher, 1989). 

2.6.5, Total particle counts 

An optical particle counter (OPC) model 237B (Met One, Pacific Scientific Company, Chandler, AZ) 
was used to count as a fiinction of size total (biological and non-biological) particles collected both 
indoors and outdoors. The particle counter was connected to a timer and solenoid valve that switched 
between indoor and outdoor sampling every minute. Sampling volume was 1.4 L, collected for 30 s at a 
flowrate of 2.8 L/min. Particle concentrations were recorded in the following size ranges on the basis of 
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optical diameter: 0.3-0.5, 0.5-0.7, 0.7-1, 1-2 and 2-5 ^m. One hundred samples were collected at each 
residence, 50 indoors and 50 outdoors, over a time frame of 100 min. 



3. Results 



3 J, Environmental monitoring 

During the sampling periods (between 9 am and 2 pm, 5 h for a typical residence), temperatures indoors 
and uutdoois incf cased, while relative humidity d e creased. In the flood - damaged houses^ relative humidity 
^^Hnnrc ^^r\eA h^tv^een 4^ and 88%. and outdoors between 31 and 85%. Temperatures varied between 



20 and 28 °C indoors, and between 17 and 35 °C outdoors. Within a single observation, the maximum 
relative humidity variation was ±7% indoors and ±19% outdoors; the maximum temperature variation 
was ±2 °C indoors and ±3.2 °C outdoors. Wind speed on the days of the monitoring varied between 8.5 
and 16km/h. Based on the CO2 decay experiments, air-exchange rates in the houses varied between 0.8 
and 3.5 air changes per hour (ACH, 1 /h). 



3.2. Microbiologically associated volatile organic compounds 

Selected VOCs were monitored as indicators of fungal metaboHsm (ACGIH, 1999; AQS, 1997; Miller, 
1 992; Pasanen, Lappalainen, & Pasanen, 1 996). VOC of possible microbial origin (MVOC) were detected 
in over half of the flooded houses tested. Three alcohols and one ketone were detected in significant 
concentrations, varying between 70 and 2710 ng/m^ The most common VOC found was 3-niethyH- 
butanol, which has been associated with fungal growth on building materials (AQS, 1 997). Other common 
MVOc Vound were 2-octen-l-ol, 2-heptanone, and l-octenO-ol Fig. 1 summarizes the type and quantity 
of MVOC observed in all houses surveyed. 
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Fig 1 . Type and quantity of microbial volatile organic compound (MVOC) extracted from 48 L of indoor air in fiood-damaged and 
control residences. All outdoor samples collected were below the VOC detection limit. BDL = below detection limit (10 ng/m ), 
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Fig. 2. Average total airborne bacteria and fungi concentrations recovered from SKC swirling liquid impingers in flood-damaged 
residences, as detennined by direct microscopy. Error bars represent one standard deviation, n = 3. 

3 J, BioSamplers— total airborne microorganism recovery 

In all flood-damaged houses, total indoor airborne microorganism concentrations ranged between 
8.1 X 10^ and L9 x lO'^cells/m^, and outdoor concentrations ranged between 3.1 x 10^ and 1.6 x 
10*^ cells/m^. Fig. 2 summarizes total airborne microorganism level, as defined by the sum of all bacteria, 
fungi and spores observed in and near the houses. As judged by Mest at a 95% probability level (a =0.05), 
seven of eight flooded houses had indoor microorganism concentrations significantly higher than their 
corresponding immediate outdoor concentrations; one flooded house (house #2) did not show a statistically 
significant difference between indoor and outdoor total microorganism concentrations, and the local 
control house had indoor concentrations significantly lower than that measured immediately outdoors. 
There was a broad diversity of microscopic cellular morphology observed in all the samples collected, 
and no general trends in morphology were observed. Propagule sizes ranged fi-om less than 1 ^m to over 
10^m in diameter. Fig. 3 is an epifluorescence microscope photograph of AO-stained microorganisms 
typical of those recovered from the air inside flood-damaged houses. 



2,4, SKC liquid impingers— culturable recovery 



3 J J. Bacteria 

Mesophilic bacteria were recovered fi-om the SKC liquid impingers on non-selective media (TSA). 
Seven of the eight flooded houses had higher averages of airborne culturable bacteria concentrations 
indoors than outdoors (Fig. 4), although only four were statistically different as judged by means and 
analyses of variance (Mest, a = 0.05). 

Averages of culturable airborne bacteria recovered from indoor air of flood-damaged homes ranged 
between 3.9 x 10^ and 3,9 x 10^ CFU/m^, while corresponding outdoor concentrations ranged between 



772 



M.R Fabian et al /Aerosol Science 36 (2005) 763'-783 




Fig. 3. Epifluorescence microscope photogr^b of AO-staincd bacteria, fungi, and spores collected from the indoor air of a 
flood-damaged home (1 OOOx ). 



lE+06n 




House number 



Fig. 4. Average airborne concentrations of culturable bacteria recovered from BioSanipJers. Error bars represent erne stan- 
dard deviation, n = 3. Asterisks denote houses where concentrations were statistically different indoors and outdoors. A line 
represents the average value of culturable bacteria from a survey of non-flood-damaged US homes, n = 41 (DeKoster & 
Thome, 1995). 
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2.7 X 10^ and 7.0 x 10"* CFU/m^. The ratios of airborne bacterial concentrations recovered indoors and 
outdoors varied between 3.5 and 8.8. In a non-flooded residence in the local vicinity, average indoor 
concentrations were less than 33% of the immediate outdoor concentrations, a ratio which was in agree- 
ment with many previous observations (Nevalainen et al., 1 991 ; Samson, 1985; Solomon, 1975; Verhoeff, 
Brunekreef, Fischer, van Reenen-Hoekstra, & Samson, 1992). 

3.4.2. Fungi 

Impinger-captured aerosol samples were cultured on mah extract agar to maximize the recovery of 
fungi and their spores. Culturable concentrations of airborne fungi were generally higher indoors than 
outdoors, and the dominant types of fungal genera cultured from indoor air samples were ditlierent 
from thbse Cttltttffed i>Offl outdoor samples. On this iiuii-selecllve fungal luedia, fuui uf eigh t houses had 
significantly higher culturable concentrations of fiingi indoors than outdoors (r-test, a = 0.05) (Fig. 5). 
Average concentrations of culturable fungi from air samples inside flooded houses varied between 1 .6 x 
10^ and 1.0 X lO^CFU/m^, and immediately outside flooded houses between 5.5 x 10^ and 5.0 x 
1 0^ CFU /m^. Trichodermaspp. was the colony-forming phenotype most often recovered from indoor air 
samples, but was not recovered in numerically significant CPUs from any outdoor air samples. Penicillium 
spp. was the colony-forming phenotype most often recovered from outdoor air samples, but was not 
recovered in numerically significant CPUs firom indoor air samples. Trichoderma grows optimally in 
environments with high water activity (Kredics et aL, 2004) while Penicillium species can grow at a wide 
range of water activity (Andersen & Frisvad, 2002; Gock, Hocking, Pitt, & Poulos, 2003; Plaza, Usall, 
Teixido, & Vinas, 2003). These results indicated that even though the houses had undergone remediatira 
efforts, some building materials were not dry and were promoting the growth of some fiingi with an 
affinity to high water content environments. 
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Fig. 5. Average airborne concentrations of culturable fiingi recovered from BioSamplers. Error bars represent one standard 
deviation, n = 3. Asterisks denote houses where concentrations were statistically different indoors and outdoors. A line represents 
the average value of culturable fungi in non-fiood-damaged US buildings, « = 2000 (Yang et aL, 1993). 
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Fig. 6. Direct microscopic counts and culturablc CPUs obtained from indoor and outdoor air samples collected with BioSamplers. 
Error bars represent one standard deviation. 



3.5, Comparing direct microscopic counts and culturing recovery from BioSamplers 

To compare the recovery of direct microscopic counts and CPUs, both obtained from liquid impinger 
samples, bacteria and fungi cultured on non-selective media were summed and compared to direct mi- 
croscopic counts (Fig. 6). Significant differences between concentrations were determined with Mests 
0.05). Based on direct microscopic counts, seven of eight houses had significantly higher indoor 
microorganism concentrations compared to outdoors (houses #1,3, 4--8), a trend which was opposite of 
that observed in the local control house as well as that reported in larger culture-based surveys (ACGIH, 
1999). Based on summed culture counts (i.e. bacteria-Hfimgi), only five houses had significantly higher 
indoor microorganism concentrations than out (houses # 1, 2, 4, 7, and 8), and no significant diflference 
was observed in the local control house. Indoors, direct counts were 3 to over 1000 times higher than 
culturable counts obtained fi*om the same indoor air samples while outdoors direct counts were 12 to 
over 1000 times higher than culturable counts. Although direct microscopy counts were often orders of 
magnitude higher than culturable counts, these concentrations were poorly correlated (J?^ values 0.004 
indoors and.0.02 outdoors). This indicates that culturable counts likely underestimate total microoiganism 
bioburden and cannot predict the magnitude of airborne biological contamination. 

3.6, Andersen impactor— culturable recovery 

3,6.1. Bacteria 

Bacterial colonies cultured on impactor-mounted TSA plates ranged between 1.2 x 10^ and 1.1 x 
10^ CFU/m^ indoors, and between 3.6 x 10^ and 2.7 x 10^ CFU/m^ outdoors (Fig. 7). Inside five out of 
the eight flooded houses sampled, counts of culturable airborne bacteria were significantly higher (Mest, 
a = 0.05) than those measured immediately outdoors, varying between a factor of 1 ,6 and 30. 
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House nuirbcr 

Fig. 7. Estimated airborne concentration of culturable bacteria recovered from one-stage N6 Andersen impactor ( J50 = 0.65 ^m). 
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Fig. 8. Estimated airborne concentration of culturable mesophilic fungi recovered from one-stage N6 Andersen impactor 
W50 = 0.65Mni). 



3.6,2. Fungi 7 ^ r. 

Concentrations of airborne fungi cultured on MEA plates varied between 4.3 x 10^ and 6.9 x 
CFU/m^ indoors, and iminediately outdoors they ranged between 1.8 x 10^ and 2.9 x 10^ CFU/m^ 
(Fig. 8). Inside four out of the eight flooded houses sampled, counts of culturable airborne bacteria were 
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Fig 9 Comparison of OPC-measured particle concentrations (OPC) with epifluorescence counts of microbiological particles 
(MicT), inside and immediately outside flood-damaged and non-flood-damaged houses. Euor bars represent 1 standard deviation. 



significantly higher (Mest, a = 0.05) than those measured inunediately outdoors, varying between a factor 
1.3 and 13.5. 

3. 7. Total particle number concentrations 

Between 70 and 94% of indoor particles, and 62-92% of outdoor particles were measured in the first 
OPC channel (particle optical diameter between 0.3 and 0.5 urn). Between 4 and 15% of indoor particles, 
and 5-16% of outdoor particles were measured in the second OPC channel (particle optical diameter 
between 0.5 and 0.7 Mm). Less than 1% of particles observed by the OPC were between 2 and 5 m- 
Total airborne particle concentrations indoors varied between 2.5 x 10^ and 6.8 x lO'' particles/m^ and 
outdoors between 2.9 x 10^ and 8.1 x lO' particles/m^ (Fig. 9). Total particle concentration information 
for house #4 was lost due to equipment malfiinction. Indoor and outdoor total particle concentrations 
were not significantly different in five of the eight flooded houses. 

While in all cases, the total particle counts (OPC) were higher than those obtained by di- ct microscopic 
counting in corresponding size ranges, the biological contribution to th windjers was 

markedly difiFerent indoors and out. On average, biological particles accounted lor 32% of the total 
particles indoors and 18% of the total particles immediately outdoors, of the flooded houses «*served. 
In the house that did not experience flooding, the trend was reversed, mi ^''-^^me mlcroWological 
particles, respectively, accounted for 3% and 20% of indoor and outdo- icle numbers. 

The particle counts fi-om the first channel of the OPC were exclude^' .m this analysis, because whole 
bacteria and fiingi cells typically have diameters greater than 0.5 m- order to compare total airborne 
particle numbers with microbiological particle numbers determined by microscopy, OPC readings from 
channels counting particles with optical diameters between 0.5 and 5 nm were summed. Particle number 
concentrations determined by OPC had weak correlation with microorganism numbers collected by the 
SKC biosamplers (R^ = 0.04 for indoor, R^ = OAAfoT outdoor). Better correlations resulted when OPC 
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readings for particles with optical diameters < 0.5 ^im were included in the comparison: R'^ = 0.24 for 
flooded indoor environments, and /f^ = 0.18 for those immediately outdoors. 

.? Bioaemml sampling variability and observations of "^control" residence 

A one-way analysis of variance (a = 0.05) applied to microorganism concentrations, both total and 
culturable, from three impinger sample points indoors showed that the three samples collected at different 
locations were statistically indistinguishable. The same test applied to the two outdoor sample points 
yielded the same results. 

— Total microoigauisjij conceutiatiuiAS iji flood-damag e d hous e s were between 1 and 5 times higher 
indoors than immediately outdoors, indicating an indoor microhial soiircft For r singlf; non-flooded 
house included in this survey, the opposite condition existed: the indoor concentration was 33% of 
the outdoor concentration, which is a value consistent with those commonly observed in non-flood 
impacted residences and buildings (DeKoster & Thome, 1995; Lehtonen et al., 1993; Rautiala, Reponen, 
Nevalainen, Husman, & Kalliokoski, 1998; Robertson, 1997; Yang et al.,^ 1993), 

4. Discussion 

4 J. Environmental monitoring 

Air-exchange rates were monitored concurrently with selected bioaerosols and other airborne particu- 
late matter. The air-exchange rates in the monitored residences varied between 0.8 and 3.5 1 /h. This range 
extends significantly higher than other residential air-exchange rates recorded for the same geographic 
area and season (Murray & Burmaster, 1995), and may be attributed, at least in part, to the local wind 
speeds (8.5-1 6 km/h (daily avg.)). Indoor CO2 concentrations varied between 300 and 420 ppm in all the 
houses observed. These relatively low indoor CO2 concentrations indicated that airborne pollutants are 
likely not being accumulated because of lack of ventilation (DeKoster & Thome, 1995). 

4 J, Microbial associated volatile organic compounds 

The most often observed VOC was 3-methyl-l-butanol, which is a VOC commonly associated with 
fungal growth. Other VOC measured in flood-damaged homes included: 2-octen- 1 -ol, 2-heptanone and 1 - 
octen-3-ol. Based on recent literature (ACGIH, 1 999; Miller, 1 992; Miller, Ross, & Moheb, 1 998; Pasanen 
et al, 1996) the types of VOC measured in the flood-damaged homes were consistent with an indoor 
enrichment of microorganisms with respect to outdoor sources. Given the relatively high air-exchange 
rates measured, the levels of specific microbial VOCs were significant in magnitude, and indicate the 
presence of active generation sources. While some MVOC have been implicated as good indicators of 
indoor fiingal growth, they cannot be used to quantify fimgi, either airborne or surface associated, or 
be related to specific fiingi. Nonetheless, MVOC can serve as a signature to the indoor enrichment of 
environmental fiingi given that artificial sources are considered, and that a baseline indoor/outdoor ratio 
is established. As outlined in review and compared to previous studies (AQS, 1997; Brown, Abramson, 
& Gray, 1994; Lewis & Zweidinger, 1992), the levels and type of VOC observed in this study were 
indicative of indoor microorganism enrichment. In the house with the highest MVOC measurement 
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(House 2) however, a person had smoked prior to air sampling. Tobacco smoke contains hundreds of 
VOC and some of them may have the same chemical signature as many MVOCs (Molhave, 1992). Five 
of the eight flooded houses had significant MVOC levels, and these observations corresponded to the 
houses with the highest averages of culturable airborne bacteria* The house with the highest MVOC 
concentrations also had the highest culturable microorganism counts recovered from the BioSamplers. 

4 J. Comparing culturable airborne microorganism recovery in Andersen impactors and BioSamplers 

43 J. Bacteria 

In five out of eight flood - damaged hou s e s ^ indoor cultur a ble b a cteri a concentration s wprf ! highftr than 
outdoors f r-test: of 0.051 Bacterial CPUs recovered on TSA plates in Andersen impactors agreed with the 
general trends observed from culturing microorganisms retained in BioSamplers: concentrations of cul- 
turable airborne microorganisms recovered firom the samples collected indoors were consistently higher 
than those recovered from outdoors. However, bacteria concentrations recovered with the BioSamplers 
were significantly higher than those recovered with the Andersen in eight of 9 houses tested, in some 
cases the differences were greater than two orders of magnitude. A possible reason for these differential 
recoveries is that the sampling stress incxured by airborne microorganisms recovered by liquid impingers 
is less than those recovered by impactors. This differential sampling stress response has been previously 
reported in controlled bioaerosol chamber studies (Stewart et al., 1995). 

43,2, Fungi 

Indoor concentrations of airborne fungi cultured on non-selective medium were significantly higher 
indoors in six of eight flood-damaged residences. 

CPUs from Andersen impactors agreed with general trends observed from culturing fungi from sam- 
ples retained in the BioSampler: concentrations of culturable airborne fungi recovered from the samples 
collected indoors were consistently higher than those from outdoor samples. Comparing the concen- 
trations of culturable fungi recovered from Andersen impactors and those retained in BioSamplers, the 
CPUs recovered by the impactor were between 10^ and 10^ times less than those recovered by the im- 
pinger. Possible reasons for these differences include: (1) the impinger sampling time (hoiars), was much 
longer than the impactor (minutes); (2) retention differences intrinsic to the equipment — impactors are 
subject to particle boimce where (swirling) liquid capture minimizes particle reentrainment; (3) particle 
stress— impactor particles are subject to impaction and desiccation, where particles in the impinger were 
collected in swirling liquid and not subject to impaction and dessication; (4) differences in particle-size 
collection: the impactor collects particles with a 50% cut-off at an aerodynamic diameter of 0.65 mm, 
whereas the BioSampler has an eflBciency of 79% for 0.3 jim particles, 89% for 0.5 |iun particles, 96% 
for 1 nm particles and 100% for 2 \km particles. 

4,4. Epifluorescence microscopic counting vs. traditional culturability assays 

In most bioaerosol studies, the detection and quantification of metabolically active microorganisms has 
been primarily based on plate count assays in which sample collection methods as well as microorganism 
nutritional requirements and culturability potential bias the results (Hernandez et al., 1999). For this study 
both culturing and microscopy techniques were used because of the synergy of information that can be 
obtained from these different counting techniques. Pig. 6 suggests that traditional culturing techniques 
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are inadequate to represent the true quantities of airborne microorganisms in these indoor enviroimients. 
Direct counts were 3 to over 1 000 times higher than CPUs obtained from indoor airborne psBiticulate 
matter that was captured in the impingers* reservoirs. Outdoors, direct coimts were 12 to oy^x 1000 
times higher than CPUs from the same sample aiiquots. Even though a high fraction of bactt iria and 
fungal suspended in aerosols may not be viable or culturable, they may retain some potential t% induce 
hypersensitivity and inflammatory disease since such responses have no dependence on microQiirganism 
culturability to induce adverse health effects (Flannigan et al, 1991). The investigation adds a small 
but growing body of bioaerosol literature suggesting that are formidable differences in culturable and 
total airborne microorganism numbers present in indoor and outdoor environments. These re^^s suggest 
that di r ect counts of nirhome micronrganisms s hould he included as a critical component of t^ nn i mf^" 

^vpncnrp aggftgRTTiftnt paradigms. 

Only one home was used in a local control capacity in this study because the literature Contains 
a large bioaerosol monitoring database of non-flood-damaged single and multiple family residences 
(ACGIH, 1 999). These studies report that, under normal residential conditions (no water damage), indoor 
bioaerosol concentrations are significantly lower than outdoor bioaerosol concentratic during summer 
season (DeKoster & Thome, 1995; Lehtonen et al., 1993; Rautiala et al, 1998; Rob. . 1997; Yang 
et al., 1 993). Some of these studies compile observations from over 2000 houses, most m ch are based 
on impactor capture, and independent, broad-spectrum culture of bacteria and fungi as de ribed herein. 
The results obtained from the "non-flood impacted house" in this study agreed with the I ge literature 
database: indoor culturable bioaerosol concentrations were, on average, 33% of omtci or icentrations. 
With regard to culture-based assays of air samples, this observation is widely report l i \n he literature 
not only as the more common residential condition, but the favorable one (ACGIH, : 99 ; 



4.5, Comparison of total particle counts with direct microscopy count 
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5. Conclusions 

In spite of remediation efforts, indoor bic sol c central ons observed in houses wj i flood water 
damage were generally higher than outdoor \ rosol concentra t^ons regardless of the asses ment method 
used. These results are ^:he opposite of bi .erosol concentrauun trends lypically observed in houses 
with no water damage. Ibtal direct counts recovered more an borne bacteria, fungi and spones than did 
conventional plate count'" this stody, culturable methods sigaificantly underestimated the qumitity of 
airborne microorganism idoors and immediately outdoors of itood-dama - ' uses— at times this 
discrepancy was as large as . '^roorganisms/ Tn^. 
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Commercial air samplers have different collection efficiencies. They can significantly induce sampling 
stress affecting microbial recovery. The BioSampler consistently recovered a higher fraction of culturable 
bacteria and fimgi than did an N6 Andersen impactor. Given that high efficiency liquid-capture offers 
capabilities for microscopy concurrent with culmring, and that sampling stress from liquid capture in 
swirling impingers is significantly lower, BioSamplers otier economical alternatives to impactor-based 
bioaerosol field studies with added benefits of extended sampling time and control over dilution factors 
(i.e. no upper detection limit). 

The MVOC levels observed in the flood-damaged houses did not correlate with the bacterial and 
fiangal bioaerosol concentrations measured (i.e. the house with the highest bioaerosol concentrations did 
not have the highest NfVQC concentrations). However, givfin the relatively high air-exchange ratf?s in fee 
residences observed, the presence of MVOC levels indicated an indoor enrichment of microorganisms. 
While some VOCs are good indicators of microorganism growth, they could not be linked to a specific 
source or used to quantify the microorganisms fi-om which they originate. The usefulness of MVOC as 
an index of airborne/surface associated indoor biological contamination may emerge as more studies 
provide a large enough database to establish VOC correlations to bioaerosol loads observed in the field. 

Regardless of source, water can provide significant enrichment potential for niicroorgaiiism growth on 
building materials not designed for such exposure, and this enrichment has been implicated to increase 
indoor bioaerosol levels. There is a lack of studies on bioaerosol exposures following the reoccupation 
of flood-damaged buildings; previous bioaerosol investigations of these common indoor environments 
are limited by the conventional culturing techniques used. Drying water-damaged material thoroughly 
and fast enough to prevent mold or bacterial grov^h is very difficuh, particularly after large-scale water 
excursions associated with river floods. As part of this demonstration study, all of the houses monitored 
here were thoroughly cleaned prior to their reoccupation. It is likely that flood-impacted building compo- 
nents, although refurbished, were responsible for the elevated indoor bioaerosol concentrations observed 
herein. To help evaluate the long-term effectiveness of modem remediation practices, larger, multi-season 
residential flood surveys of indoor bioaerosol levels should be executed with direct measurements (mi- 
croscopy, particulate matter and VOC) that provide expanded assessment capabilities complimentary to 
conventional culturing assays. 
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Thermsd Tr eatmeiit: Benefits and lMtee<HEicepti0ns of Using 
Hl^ Teaqienture Heat (>120^ 
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Man hag 

invpmti>ti nf fifg, y^iihm the prof essional restoration ccmr 



-^■^uiiBKscJhfi. 
; tempenatet ^ are 

an asset, hKroasing the ability of air to hold smatare m .Miiu..^ ^dryiog. Thme are 
several sncoeaaftd (hying meOiods available to &e restoxaiiuiii proffwwnnal; a fsm of the 
more cozranon are discussed in Mb pa;^. Desiccant» r clri&a i' an t and eonvr^ w tysteana 
offer pcactioal solutions for &e variety of drying situatians ancotuitareff mng t water 
losses ajad catastrophic events. Thon^ these me&iods diffe- in r ii^osophy^ 
ftey share the underlying pnndples of lowering &£ elevating 
tenq)eratura The temperatmies attained by ftee^ le method 

and "die smbieat conditiDns. 



Most drying methods genmte interior ten^eratures that r^- 
When supplemental heat is added to attain t^nperaturcs 
otgectrve jb to Jcfll bacteria and fizogi in addition to dxyi : id 
temperatnre* procedure is intended to lessen occupant ^ rrs to 
(ie^ mold spores, mycotoxins, iimgal mycelia andbact^ ^ 
contractots who use bi^ teuiperutnre m^ods xefisr to ifam 
'•pasteurization.'' Pasteurization is a process to treat b^^ 
temperature to 14&^ (6B''C) for 30 minoles or 161*^ 
microbia] impacts, heaMi and safi^ cemsegnmces ^z-.. aL 
materials and oontmts, wha employing Mn^ imspcr^ 
>120^) are manained in this pBpa. 



i6orp mm^ the 
l<xating« his 'Ugji 
ly^yrwiz a^wncnts 
me restoration 
' t^coocsa as 
Mag the 
is. The 
"Ug V '.istmction 
pecatures 



XL High Tempenuhnre Effects oo Mieroon^r 

Maio^micrcKxrgacEisms not only smvive^ but actually Ihri^ 
above. Oar ahiUly to state uneqoivocally that hi^ tr 
organisais is predicated on fiie ability to ^^mmmf 



^e^jBccss of Iia?*F and 
-ires Iq^ parliai^ tocget 
, omfc TO tcnrpenatCTHi in tiae 

fliennal IriD acme. Fungi react dififeneafly to ik ^ fiegt than bactBriag siame 

may toive under heat treatmCTt (eg., A^ergiUn. Mgam^ d Jfm. ^^^^ ■^^nomsgesetes 
vulgaris). Some fiiugi and bacteria are thcaxc ii^^, mmy m ^^Mx a I Mkms, 
Many feagal spores genninate only after heav Lm^atie a trcat^^ abieipwtly 
thrive and grow. Many bacterial sporcs> partic : ^ Bad! lyaco^s ^ ... idang^aoiaBx) 
are very resistant to emmonmental stressors^ io f ig : 1 c:^ tomper^yEures 
hi^er than diat used in tempoature tmatortr or ?n . zri. x?; rocr^ cm be 
kiUed by bolHng at 12(fC <250*^ or dry heat at I C (3IS'F) £r 1 to :l CBioPort 
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Cffltpontion, 2006). The most extensive stadies on Hie aSSeOi of Iwat on bade^ were 
candDcted in flio late 1800*i vi/bm great sdeoiific interc^ was cnaiad \ry (fisease- 
prodocing (aSBnisms. 

Heat rongtance has been studied and twdawad tnsinrioaUy by sevena aiAois (Robertsoo, 
1927; Magoon, et. aL. 1926) and prodoced cojiclJisiQns that we recognize today. "The 
sdHect of heat resistance in adaws^aaasaB^ in geaaal, recognizes fhsrt yoimg ceQs are 
mote easfly destmyed tfum old cdls (Han^ 1932)." Jbn canse of deaft of bacteria can 
be (Svided into four portioiis: dry beat and nooist heat at both low and at high 
tcanpeiatraes {Haropil, 1932.). At low tBD^eratntB^ d^ heat causes tiie fiamation of 
oxidation pi ' otBiDB whida d e stroy baot a ri a CP * " ^ i ^ft^s* * ^^ ItwwT i, I910j i — At birii 
^>ynp«rit»ures, two pTocessss may ocotr. Protein coagulation takes place (Rubng, 1899) 
OTd^cm^SoraS^ 

The oQB^lete destraction of bacteria by heat was first studied by Koch (JCocih and 
Loeffler, 1881). Ihese carefiilly d^©ied experiments firanoJ the fiiodamoatal 
principles oTheat sterilization used today; His ^riy experimeatetiOT s h o wed ih at mflBW 
required a tanqjeraiore of 284 °F 040"^ for fiiree hours to kill flie spores, v*creas, Ihey 
coTild be killed in a few mimites when boiled. His experimentation demonstratBd that 
steam placed imder pressure at elevated temperature sterilized sur&ces mudi more 
rapidly. Qanpflrisons between flie fliemiBl tdecanoe of dififermt organisms show fliat 
complex (aoiina]. protozoa, fimgi) orgamsms will not rarvive at hi^ier tamperatares as 
couq^ied to simpler organisms Ojlue-greoi algae and bacteria) (Table 1). 

Table 1. Appiwrfmrte uppw ftjwmal IfcnHa f» sun^lvtl In dW«f«nt grou^ 

organisnts 









Animals Induiflng 
protozoG 
Fungi and algae. 
Que-fliBanalgM 


113-123 (4S-51"'C) 
132-140 <158-e0"C) 
163-176 {73-75»C) 
>194 iPQO'Ci 




SouRiK Bnwk, m' 1S67. Uto at High Ttnuianfem SdmiB, VU. 108, P.1IH2. 



The lelhal tmap&rataxc varies among maoorgaEusms* The time reqmiod to kill depends 
on tiie fiomber of orgaaoisms, spedes, pH. duration and im5>erahire (Todar, 20Q2). 
Laboratory research shows that the fhezmal deafli point for selected patho^wic bactaiia 
and spojres lange from 33rF and 212*^? (Table 2). In a buildiiig, flie aWBty to 
sabstantiate attaining a leflbal teoperatare is predcated on the corapleteoess of the diying 
eSbit, perfbnnaace measuremrats and nricroWal sfimpling. Bvco after the Jiving 
organism is dead, fimgal g)ore8, xnyccUa and mycotoxins still pose an alletxenic roncem- 

Hi^ tempOTture regimes do not destroy myootoxins (Yang, 2005). The varieties of 
toxins prodoced by jftnigi depend on the spedes, growth sobstrate and the presence ocr 
absence of comp^g oigamsms (Butge and Ammann, 1999). The vast majority of 



T^to 2. Thmal DeeOi of B«cMi arar Spmc 



« mine 68*0 
5mlie6CfC{14(fF) 



Loi^, laae 

Esdieilchand P^undior, 1908 

D a Junj BiH i DtG ttw f, 1gl 4 

Slmi'terSi lflB7 

Orskoy.1da6 
lOtimwiade & Nobto, 1821 

Drfiknitf, IftZB 



BmoeMoigmibms 

BBCtwiumtt^smnao 
Hetnoptaua MfuanZBe 



1lire6rt;(131lF) 

10 min © <1S6^ 
5-10 ah tt 65% (14SrP) 
10mtoe6lfC(133<*F) 
2nilne82'C<144*F) 

l5inln@6sV5a3lT) 

2irtneeO*C (14<fP) 
1hr@65** {149*1^ 

lomlnd6Z'C(144''F) 

45intnafia'%(l40T> 
16inln@«fC(140T) 



1$min<8eb*oa40TF) 
.24 hr^ 60*0.11^^ 



Thom6on«19l6 

PtUHjgaO B f| gii t1Bg4 

Eyre, 1912 

2w4ok&V\WMian.1&19 
McCoy, 1012 
onomtoi 19Q2 

fCtasatD, 1680 
ICtaealB, 1B94 
(Saan, 1898 
Kofie. 1012 
$terntM9i||» 1887. 
Samisr, 1086 
N«i&Bfir,1fi21 

Bettencourtand Franca, 1904 
VVirlh,1B1« 



Ayarsft Johnson, 1018 

Bmt^. 1926 .. 



" 'fc fc. ; , : 4 s . *• t » • 



Slr.Lac^ 
B. tifearculoate 



a bofaitliujin <1^B) 
TypaA 

TypeaAandB 
TVP»B 



15 min <9 70*C (15^ c^ia^cnsea. 1810 

aminfe63'C{^^g^ North «OTclfartc> 1017 



awelQhO 



2Qnilne80*^(176^ 
60inln@1Q0"C(212^ 
240 to 26S min © 100% <21Z»F) 
30Om5n®100«»C(212^ 
10fning^100%^g1g*t^ 



Van£fm«ngem, 1807 
Thorn, Cdmcffidson and (Snflnar. 1810 
Dldamn and co^Miiicara. 1822 & 1925 
Tarw and MoCiaa. 1923 
starte.i:^»L 



(>IO(n:9 Badcar, 1920 
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8*00 

8 • 00 mill fen stQani(>100%) 
2 » 15 min In 8taam(>i00%} 
90 - 150 mih In gtoam <>10(fC^ 



Backar»ia20 
Backer. 1928 

Backer, 1920 



BadStiS iWdmn^ 
Thamiophinc CMoMx 



5^hi»®100«Cpi2*F) 
4min@100*C(212D 
4iidn@ia>*C(212»F) 
^inkieiOO"C(212»F) 
10mln®76'C(1S9l^ 
fiesfeted hotjrsof iK^Bng 



RabfriovnlBCh, 1605 
KarOnsid. 1895 
KadS3<r,1806 
La9».168a 

RLceel and Hastings. 1^ 
T&Hnskv. 1902 



Sotfcear Hmt^, Bsttyf^e, 19$Z 77w Influence xi T^mpemtm onlhoiM Pnmsaes 
Morrison, L$th9 £ end Tmw^frBdW. 1924, Sfuofeaon TfeamiqpftiateflaBfiBrte 



roycotcwdxis have not teen identified; therrfo». clains of compete removal foDowing any 
restomtioB procedure camot be sabstaatiBted. 

m» Ho^ Does Hl^ Temperatures Work? 



Higjx tBtx9>ejBlnre drying xequires spedfic instractions. Recogmzing that every project 
most consider site-specific criteria, we can gain insi^ii into Che hi^ temperature 
procedures in tiie specifications prepared fi5r the Fresno Housing Authorities (SCS 
En^necrs, 2003). The fi>nowi2ig is aa abhreviaiBd scope of work describing the technical 
regidretneots: 



1, PiTTpngaB 

# Drying ootmoist architecturai oonqionents* 

m KJJBng vieble biological otganisms (e.g^ insects, fungi and bacteria) 

# Oxidizing odorsi. 

2, SiteSiqperintendeat 

The contractor will eanploy a Site Superintendent as the responsible person and will act as 
an OSHA-Competort Person who can recognize hazards and direct ctiws. The 
Snpedntendent is leqmred to record/log all job-site work progress- The Stqwintendent 
shall be fixlly qualified throu^ education, traimng and experience to perform fte woit 

3« General Pie-st^ Infection 

The SxiperhiteDdetrt must perform an inq^ection of &c siiucture before assercibling heai 
generators or distribution equipmenL The inspection will verily if the struchire is safe 
and sound and will not be conqiromised when heated, and whefher the structure is devoid 
of peiwnal belongings. These observations wiU be recorded. 

4. SiteSet-t?! 

The Supmntcndent shall layout tiie beat generators and distribution equipment to ensure 
fliat the heat can be equally distributed within the designated area. The layout of the 
heating equipmeut M be reeorded'on a drawing. All salient features of the structure 
shall be recorded on a drawing. The St5>aint«dQut shall ensure diet the heat generators 
are sufficiently sized to bring the atrocture vp to specified target temperatures and 
maintain those temperatures for the specified duration. 

5. Establishing TeQqE>erature Monitoring Poixtf^ 

To be effective, a threshold tmaperature must be maintmned for a specified duration of 
time. Teiiq>cratures must be measured and recorded during the entire heat treatment 
process, Tang^eratmc must be measnred m real tiine in the air space a^ 
ardhiteccural components. 



6. Thr^old Tecnpcrature 



The jbrcphM tmxpmUxm BhBll p^q^ iffl'^P or 7PC in the maiorily of ptbbes. 

AH jH-obes m flie designate heat treataaeal area shall reach a miiaimtim tmspesnsiare of 
155°F or 68«^ Howw«r, tempenrtures in the stractoc shall not exceed 17STF or 80''C 

7. ToxqieratQreDiiratioii 

Tht ^ } lff y * " ' *" wifb which most temperatur e probes shall b e pontTitai'ned above fl b g 
tfarojhold t^mr*^^ (1 ^^^) ^« ^ TT^lmtfes. AH pr obes in fee designated treataient area 
shaflbcmamtmied at or above the threshold teEjjemtmrc for a mitdmiiiiL of 60 imnatea. 

8. Cool-Amu Period 

Upon jceetmg ten^wai&e l^^ a ei^^mfarote^ to^^^ 

irirtiateA Dmng the eoolniown period, aU heat (purees are 
to remain sealed while temperature monttoring contiDiies, 

hasi^ provided by traaiperatttre drymg practitjonera offer praotical pei^ertivea. 
Ton can't achieve hi^ ten^jeratores untfl tbe wood is dry*' (Vjrosdc, 2006). Mofetare 
ijoutrat can vary widely in a flooded home where some wood nwwJbera may be satuiMed 
while oflaer materials may contain suffidejit wato: content to support miaK)bial growlh 
(approximately 20% or greato" moisture). Boi types of malserials, satarated or elevated 
moisture, can be dried at temperatisrea less than Proper dryinfc howem, must 

consider flie wide range of moistare coniecdL 

The duration of drying is critical and should be carried out slowly and nni&rmly, 
typically over a two, three or four-day period, depending on the ctrcurostenoes. As in 
VHn diying (sfse below), diffcrmtial tenqwaturas and rapid ten?)arature changes ima^asc 
the possibility of damage as wood dries. Crawl spaces witii es^osed soil, heat sinks <ie., 
coxusrets and brick structures) and building envelope hrcadbes pose restrktiona to 
achieving temperature uni&nnity; 

Is HIs^ Tensperatti^ Necessaiy? 

This is perhaps die most important questicm of alL The answer depends on wh^cr higji 
tanpeffEtore is the most ^ctical^ efScient and safe me&od to meet the clienf s needs. 
Sewage-flooded structure, schools and medical facOities oon^iromised by pafliogenic 
nuaoof^tnisms, h^ect-infestafions, nuisance odors and individuals wi& multiple 
chemicd senartlvifics may benefit fixwn the high heat process. However, the pubUc's 
underatanding of a 'Himque^ or ^mnov^e'' restoration strategy may be douded by tlidr 
percq)tion that it is also die Snost ajyprqpriata" 
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The pobHc's perception of moid is influenced by thdr healtii, personal observations and 
file media. Wheai water damage and resulting microbial grow* occur, some consumas 
seek comfort in absolute remedies, dent wart a single Stackybotrys my 
hoDse** or "file roAoot air qualily should pose no healfti risks finm mold. Ttiou^ 
^^f.4\Ar.^ ac pectations are always short-lived, if not inyossible to achigva, buan.^ 
is sometimes driven to satisfy the loftiest eqiedatians. In 8on» orcumstmees mortals 
associated with remedi^km naay eiK»ed the boM^te. 

A i«c8nt indoor air quality article examined wbedier microbial growth can be left inside 
^traSs baaed on flie idativc risk (Buige, 2005). Some fengal sjpedes {fi.g. Pm^lium 
daysogomm), prevalfinf after a water low, pose no risk wfaeo enclosed in the wdl 

cavity of a school ITiough in cons istent wifli parent and teacher expectationa, the 
practical a^ecte of telfiovaniA. «*ool dosingB, lestoration Costs, loss of uataty aud 
flKpensa) offer a sobering perspective of mold*s prraenoe and its priraity for ranovaL 
The most ^jiropriate lemediatiou technology abould be elected wisdy by considering the 
jjoherCTtriatos. 

How Do We Know It Worked? 

Pecfiinnance ii««nrements collected before, during and after my restoration procedure 
are necessary to confinn tiiat ttie restwation process met Ihe design intent or iMeaded 
outcome. Fungi and bacteria are piesert on the aiiire earfli's sorfiw^ deteoai^ 
effective ^"m*!^ MB and jwnoval imast be ^cumented in periods measured in minutes 
and houra after project con^letion. Once the structure letunis to amWrnt temperature, 
myoistoie will return the construction materiaJs and ooDtoits to ftdr eqdUbdnm moisture 
contend vcatiktSon and infiltration will ioocolflte a fao^ of fimgal and bactedal species 
jijto the iitfacior spaces wifinn a lew days. 

la the end, 4e most effective way to reduce feture microbial iHoliferation is to keq) the 
interior dry. A detailed lo^k describing the moishire content at multiple sangjling 
locations, tanpoBture and relative humidity measurements, micwHal sampling of air and 
smSaxsa and infiafed ana^ of flie strocmre will support a suocesaiiil pnqloot and 
substantiate piQmfliit. 

Bevated tsnxperahites not oi^ d^ccate microbes, fhe^y also accelerate aging and change 
ika perfonnance of various matoials. The pcAxso^ eSuM <m bnilding materials are 
desaibed below. 

IV. l^b Tenqieratnre Affects on Building Materials 
Wood 

The behavior of drying wood in commercial kiln operations underscores the ki^ortance 
of slow aad consistent drying efifort at Ugb tenqparatrnw. Sfmotoral wood, oqjosed to 
elevated temperature^ eaqwienoes ft* aamo potential daac»^ as wood m a kiln 
(Simpson. 1983). 



Water is presmt in fhfee (3) fonns in wood cdls; 1) Kqaid or free wate. 2) >j«ter vq>or, 
^d3)diemicaUyboiindQrhysto8copicwater. men wood dnes. free (cdMar) wa^^^^ 

In m ii d (h? ' dro fl copic) water. T fai£ st a g^ nf d r yi i^ g is tetmed the fiber satoa<i<mpog 

Thefip is a critiofliinflestoiieiaftedryingprooaBsbecBiiseT^ 
Q0t diangB ^ nuiisiim ixntBit filk 

When lumbJx is dried too qniddy. diying stresses and damage ^ affect Je j^^g^^ 
sliuulmal mo a x b era in the home (Ug£>A. 1?57) . nm n aeR is earned T?y two Jpnas 0% Bge«. 
birrfrostt^tic tenaicm and di^er^al abrinkage. Hy<tostaiic t^on is g^^^g 

ooB^ and fhete is an qspeannt* of excesave da^^ 
lianber. 

DifEbRofiBt UilSlge oooms between fl» SaSl and center of Ihe iTmber when 
wood fibers dry and shrink before the inner wood cdls have began to dry and shrink. 
-Hus condition is tenned, "case hardening." men this ocoms. &e core moisttw 
pass through to fee swftce. TMs piwenis proper •^wcldnr to &esuito 

evaporating. Limber that is dried too qnicldy wffl degrade during fl» im 
and win dow the overall drying process. 

Wood dries ttie festest ai the begimiing because &e moistnre differential is al its higest 
This is when wood and a hone are most snsocptfble to damage. During the eariy stages 
of drying, low tanqjeratorw and ii^i hnmidily are necessary for many species of wood. 
Ab drying progresses, Ihe lemp w alMre is dofwiy wised and the hnnndify lowered to 
maiiitain a steady drying rate 

Woodt H^TcnqperatareReseareh 

Researcb perfonned on wood roofing systems (beams and aheafliint) pocfiamed wdl 
whenfflcpaBedtoteinperataiesi?)tol50»F(Table3). Roof systems e^ettoedevated 
tempemtocs via solar radiation [American Forest and Vfspa Assoraation (APPA), Inc., 
199^. 

Tetra>aature measurements of ixjof systems vary di?«nding on flie orientation, hour of 
dmT^wjson. color, venfflBtion rate and in^ Seasonal measffloiwntB 

showed fliat roof systems leadied ISCPF for diort dmatiais; flie hottest menibeis were 
IhnitedtP roof flheatliing. 

Under fte severest conditions, the taapenSmt of fte stmctural beams, rafters and truss 
members in wood roofe genoaUy do not reach 140*F. Howev^wfaen these conditoims 
do occur, the loss of strengfli assodated with increased ten^ecBhire js compensated tjy 
the increase in straigfh assodated with lowarmsnstore content 



vinyl Flooring (1) 
Adhesives (PVA/PVAc)(2) 
CflramlcTil6{3) 
Gypsum (4) 
Wood (6) 

CarpatingCe) 

Adhesive (Tnermoseionflj (z) 
PVC(7) 



Item 



Table 3. Maximum Temperature Regimes 

Temper^rdfF) 

80 90 100 110 120 130 140 ISO 160 170 180 190 200 210 220 



CONSTRUCTION MATERIALS 



Plaster and Lafii (B) 
Concrete (9) 
Rooft^SWngtes(10) 

RefrlgerHnt Drying {1 1 ) 
Desslcant Drying (12) 
Convec^nt Drying (1 3) 
High TamperBlure Drylne (14) 
Wood Kltn{16) 

Animate end protozoa 
Fun0 and Algae 
Blue^sreen Algae 
Bactena 

Bacterial Spores 
Anlhrax(17) 




BI0L06ICAL ORGANISMS (1€f) 




1 ResfllBntRoorCovertngBinEiitute^ 

2 Conner, 2001, 

3 Lafortune. 2006. 

4 Gypsum Association, 2004« 

5 Ameiican Wood Councd, 2005 

6 Mohav^ fndusttes (unofflclat) 

7 Harvel Engineering. 2006 

8 New Yorfc Haeter and Lath Institute. BlU Hohlfldd. 200S« 

9 AmeHcariiGonprete Institute, ThoIeniM. 2006. 

10 GAF Matwlals Corporafion, 2006 Tecliuilcal Services 

11 ORI EAZ LGR 2000, Hioenbc 200 HT w!H operate as high as 120oF. 

12 Melicon industries 

13 Cressy, 2006 (personal oommunicatlon) 

14 Hedman, 2006 (Personal communlcat'on) 
16 Simpson, 1883-84, Drj^ns Technology 

16 Brock, T. Life at High Temperatires, Sctence, VoL 158. p. 1012 

17 BloPort Corporation, Lanslr^ Nfichlgan (1-877-246-8472) 



Researdi resolis coodocted dmmg short-tann, liigh temperature exposures has shown an 
increase in wood strength properties when cooled below normal tengjoratares and a 
decrease in properties when heated above 1 50°F (AWC, 1991). Whai the wood retumod 
toanonnalt Hii y ef «l ur e,ittecofveredHsoPffln^ 

Researcli foTind that examined wood expoBure at teDqwratores above 150°P s howed a 
permanent loas in strsogtb vfbm cooled and tested at normal taapeiatiuos. Hwse 
pennenent dBEbds were additiw to &ose lhat ocoined at the exposmt temperatore. 
Pennanent siraigfli losses occuired foUowing exposure to tempcraiures >212'P; flie 
damage wa? greater Tn^en wood was heated in water radier than in dry air. 

Bk t"^ ^ Tf^r^h, temperatures of 1 SCF repreaeat a flireshold for the bqgmmng of 
ijetinanmt loaa of streDgfli. This interpretation was substantiated by test data that showefl 
• wj approxBcnatB 10% lo88 In bending atitaagfc JbrniBterialB ea^osed fer 300 day^ in water 
at 150*T andrtheii tested at room t€^^^eratB^e. TTie tise of himber or gtaed-lanmated 
timber members ftat experience long-teim csqposure to ^BOspat^mtB over ISOT', ahonld 
be avoided as shown beEow. ~ ~" 

Hea<u« Duration AWC DWS Design Specifications 

Short tenn beating up to 150°F No design strength rednctionie«iaired 

Snsinhied tcanperatoreB ,IOOT No design slxengfli reduction reqoiied 

Snstainedt«m)ersture8l00Ttol25T 10% to 30% desiei streogth redootian. 

depeodiDg on the moisture content. 
Sustained temp«alare8l25«F to 150T 10% to 50% design strengfli rednction, 

depending on me nunstnre mnteoi ano 



Sooroe: AWC. 1991. 



spediSc property. 



Wood: AdUiraives 

Uie vuhicxability of adhesives to elevated tenqjarature repmes (130-160"F) depends on 
fee chemical structme of die adhesive used (Connar, 2001). Wood adhesives are 
generally classified as either synthetic or natoral CTable 4). SynGboiio adhesnres are 
derived from petroleum products. These adhesives are usually appHed as a water-soluble 
liquid to flxe wood suifece. Adhesive prepolyroeis cure by reacting fiiriijBr to form, 
polymers al the contact point Heat and orosB-Unldng diemicato are ofien added to 
strsngdiQia fte curing reactfcna. 

gyndxetic adhesives are dassified flirthe- as ddjer thermoplastic or flioinosatting resins. 
Itonodastie reains sadi as Polyvinyl acetate (PVAc) (CHjCOOCH^O^ and 
Polyvmyl alcohol (PVA) (-CH2-CH(OH)-ai) aofien when esgjosed to heat and soHdi^j' 
when cooled to room temperatore. 

Thamoplastics are more vuhierable to elevated heat PVAc is most widely used as an 
emulsian ihat is white to off-white in color that is used in many household applicationa. 
Comment uses indude laminating adhesives, floor tiling and coating Warn 
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exposed to devated temperatures (lOOTO. ^ VAc will sofkeo and become less resbtaot to 
high moiststre md hsnddity fiim theaoos^ling resms. 

Thcmosetting adbcsives amino reabs, ph^Iic resins, epoxy reams md 

l^^^rxrrt^} ff^ ^ jwntin'pal type nf ^fii^y^ ^ fid to bond wood and are 1^ vulnerabie 
to heat The principal differmce between thermoplastics and tiii^mosetting adhesives is 
that thermosetting adhesiv«j f onn polymens fhst oross-link when they core. Whm caroas 
iitiVngft occara, the cured adhesive is insolnable and doea not softm whoi hearted- 
Natural adhesives are derived from starch, soybean, ammal waste and meat processing 
and tomnng by - yrod a cts mi ca s d n fiom sTriTn Tnitlc . Prot ein based fidhestv^ (Le,^ soy; 
blood and casein) are the most comnonj however, fecse adhesives are most often nsed 
f«r interior applicatioxjs. Natural adhesives are used as a walef^somi>ie q)piJcanon ana 
com- whm flie- solveatf (water) is removed Some fommlalions add. cheinioals to aid in 
cmss-linking to enhance str^igiih. These additive lessen the vnlnerahili^ of natural 
adhesives io high temperatures (130 to 160^F). The primaiy disadvantage of nataral 
^3f0teiniiceons) as compared to synfteiic adhesives te fteir vidnfirabfli^^ t^ 
degradation and lower redstance to moisture. 

Hi^ Temperature ASecfs on BuOdang Materials 

A smnmaiy of maximum temperatures recommended by selected construction material 
institotes and bdldang material manufacturers is summarized in Table 3, 

Gfypsiun 

Gypsum should not be exposed to temperatures above 125*^F fi>r extended periods. The 
G3rpsum Assodadon (GA) provides wiittei specificaiions £br &e "^application and 
Finidaing of Gypsmn Panel Products) (Gypsum Association, 2004)* GA technical 
documents stale &e following Tecommendations: 

1.4 Gypsum panel products sbaC not be used wbens tbey will be exposed to 
sustained temperatures for more ihan 125**F (52^C) tot eadcuded periods 
of ttmCa 

L5 Where gypsum panel products axe used in air handling systons, the 
surface tesz^perature of tilie gypsum panel products shall be maintained 
above the air stream dew point tempcratwre but not more than 125TF 
(Sa^'C). 

Plaster and Latii 

Teciuioal lepresentatives of the New York Plaster and Lalh Institute expressed 
confidence (iiat tenq>eratxires between 120®F and 160**F would have no rfSsct on flbe 
integrity of aplaster and lalh wall (Hohlfield 2006), The only drcumstaaoes that migjJt 



pose an eaception Tvodd be a leceotly constroctad plaster waU that had aot yet cared. 
Placer oanog i«|im«s ^praumatdy 30 



B «M*i iiig SlifnplM 

Asrfialt shingles are dnraWe Mi^ tooqierah^ 

aDmxjximatdy 190°F (OAF, 2006). GAF technical staff expressed three concerns. Hie 
aScsivB seatant osed in the GAF shin^^ is "Dura-Grip." Tbaa adhesive has a lower 
softeaing point lhan the shingle and noay "ooz^ at lower tonperatmea. Should dus 
occur it wfll be c ome e vid e nt immediot e ly gftar ibg hea ti ng eve n t . — After flxposnre to 
d^^ M H^nf ^hiriBles a« pron« to "slippage." as a resolt. it is not reconmiend^to 
access the roof nntfl file dangles reach ambieot tao^ierBhiieB. FtaaUy, elevated 
tenjKTature may acceierateflie aging piiooess in the diin^. Tbe efforts of aging may 
not be visible. 

OncsvCe 

Concrete is generally resistant to damage when heated b«*wean VSffT and 160*F 
(Zalesiak, C 2001). The l^srabire is sparse on the effects ofbeet on concrete at hi^ heat 
restoration ten^jcratm-es; howev^, detrimental effects may ocoinr dqiendiag on the rate 
of hss&m (Tolem, 2006). Very r^id concrete sorfece heating will jesuH hi rapid 
gjjpangjoo and craddng. The most relevant guidelines were offered by the American 
C^uaete institute (Ad) and were described in ACl 349R-01 i^jpendix A, ''Code 
jEleqniiwnaits for Nuclear Safety Related Concrete Structures." 

A.4.1 - The following teaqjeratore limitations are for normal operation or any 
other long-tenn paiodt The tempcratmes shall not racceed 150°F eatoqrt for local 
area«, audi as oonad peoetrtfimis. wMdi are allowed to have hicreased 
te aipe i' atur e s ncrt to eateeed 2(K)°F. 



VinyJ Flooring 

Vinyl floor covering are tested by the Resilient Flooring hastitote nsmg ASIM 
F1514, heat stability tssts (Freeman, 2006). The test etevates flio taajperatare of flie 
flooxjiig to 158T fbt sevm (7) d^. Aitor this period, flie flooring exhibits noticeable 
discoloration. The maximum ttanpffi-ature reoommeaided by the KFI is SS'F; this 
temperature is based on radiant heat temperatures adiieved daring the heating season. 
Ihe waoasiee &r reaHeot flooring that ezMhiisd discos 
hnwred by die masuftctarcr. 



Ceramic Tfle 

Large expanses of ceramic floor tiling rangmg from 30 to 60 feet in length would pose a 
probi«n at temperatures rangmg between 130T imd 160TP (LaFortnne!, 2006). Hoor 
tHes vary in then- thamal esqyansion coefi5dents depending on &eir oomposttion; 
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Ihflrefore, a spedfic stateneot on thecr perfonnance st these tecqperatores cannot be 
made. Most floor tfle installers do not strictly follow industry guidelines for the 
constractionof expansion joints. As a result, any forghrcness in the ce^^ 
at devBtcd tenq^iendnres may not be provided by earpanssbn joints. Based on field reports 
for radiflnt flivTr l i ^'n g ffyf?ft ynyy| n i^ r^^^^ t rnipfl n itp^^ miiit between lOOTP and 
no*T have not stiown probleaas. Temperatures that exceed 160*^F are lilcdy to 
expenmce tile release from Hxt floor. 

PVC Products 

Polyvinyl c hloridc (PVC) is used in bu ejrtensiv c a rray of pindnr dTi incltiding filectrioa l ' 
^Trmj^^^*^ wiring ^pyi,ii«firm anri coalings, membranes, water sqiply piping, ertmor 
windows and window shades, home appUanpes, tables and chairs« Hie mayi T nu m service 
temperatore is 140TF with heat deflection at HOT (Harvel, 2006). 

V. Safety C^meems 

The nsB of temperature regimes above 120^F poses a hajjiflr level of caxQ, training and 
OSHA and USEPA scrutiny tbm any other restoration strategy. Four areas of concan 
iie., direct-fired propane heaters, dust, beat stress and properly damage) are dcsodbed 
bdiow. 

Direct*Flred Propane Heaters 

When issed propedy, propane is an odorle^ and colorless gas that is safe and convenieot 
(OFA, 200^. Propane leaks, however, pose an immediate ba2aard beeanse propone settles 
in low spaces and a low concentration can create a flammable mixture. In a confined 
space, a propane gas leak poses an explosive hazard. 

Propane requires a large volnme of air to bum correctly; one cubic foot of propane 
requires 23.5^ ft of air. The proper mixture of air and fuel is essential because too modi 
fuel will r^ull in incomplete cojnbustion and the formation of carbon monoxide. 

Carbon Monoxide poisoning occurs vdien, caibon monoxide prefffi^tiaily altaches to the 
blood molecule (hemoglolmi) that carries this giem instead of oxygen. A poson with 
carbon monoxidie poisoiiing is overcome by catbcm monoxide (instead of oxygen) azid 
immediately faels light*headed, dizziness and/or nausea (DHHB, 2005), Prolonged 
exposure m^ result in death. When direct-fired propane burning heaters aro used, 
monitonng of carbon monoxide and proper ventilation with fi^ air are required for sa& 
operation and the protection of persoxmeL 

Dost 

Turbulent fans assist the drying processs; however, they ako aerosolize microbial matte* 
and dnst As a result, turbulence also create potential combustible conditions , by flie 
emancq)ated dust A doiid of dust, wifidn its flagrmahle concenlntion limits, will not 
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bum maless suffidort enorgy is provided to ignite it such as open flames (ie, propaae 
heaters) and hot surfeces (dryers, heaters, etc.) {DSEAR, 2002). Both of tiiese conditions 
arc lOTseat wifh the iiac of a direct-firod propane heater. Sa:^ iaJBarmation provided by 
the man^factmrer of propane fiEirced air healers resnfiaices these contoenis (DESA, 2006), 
TMs aafiyty haasord can b e rednced w i fl a indi mtf fir e d he a ters , ^ 

Heat Stress 

Dryisig and heating proc^es that involve hiiJj tempca^tures^ radiatit heat sources and 

Wjpi humidity can indoce heat stress. The human body maintains a fidrly oonstaut 

\i» lP^^ uJ t i dt i ^' g ypft tfl Wg^ ^ ftgpnned to a range of tegqpCTaturc S fU . S . DHHS , 1 986> . As 

f h*> g^irrniitiiifng tgmperattge approach^ the skin temperature, cooifag becomes more 

^fSoiitt Increased body terEg)6tBtixre and physical discomfort promote irritability, anger 
^d o&er emotional conditions that m^ prOT^t woites to-ovcdooksBfisly procodcrBS 

and divert attention from hazards. 

The cniMil penirii^W Hmit vaiues^Vs) pose Umitalioas for 

Ught work at 90**F for 15 nmmles of work and 45 mmutes of rest 9ACGIH 1992). Tbo 
ACGIHTLVa state that, 

Higher heat exposnre lhan those m Table 5 are permissible if &e worters have 
been nndergoii3£ medical sunreillance and it has been established thai they are 
more tolerant to heat than the average woiicer. Woikers slKwld 330t be penxntted 
to oontmoe wodc whea Ibeir deep body tcmperatwe exceeds 38*X: (100.4TF). 

TaUe 5« Permlssibla Heat ISxposure Threshold Limit Values 











Wo* 


Refit 




Mbdoiite 


Heavy 


1009& 


0% 


86°F 


80»P 


77TF' 


75% 


25% 


87°F 


82TF 


78T 


50% 


50% 




85T 


82TF 


25% 


75% 


90?F 




86T 



Source: U^. DepL of Labor, 2006. (Hie table rannber changed for Ms paper.) 

The OSHA Tedmiral Manual states, *^vcKy woiier who worics in extraordinary 
coaditioiis that increase tbe risk of lieat stress aboitld be pssonally monitored. Persotul 
mcmMDe can be done by cbecldng^ heart rate, xcoovay zatet, cxal tempffiatnre, or 
extent ofbo4^ -water ktsa,** 

Property Damage 

High temperature (>I20°F) increase tiie Ekelibood of property damage (Table 3). PVC 
-coBtaidng products, thermoplastic adbesives, wood, caipeting, and vinyl flooring 



represent products and materiab Aat miQ^ l>e damaged inrcvecsibly. Farfeoinoio, 
mantifecturer iBoonmcodations &r flie xnaxinimn cacposare taa^wcatee may cancel otit 
product vanantees. 

-j^qt, CondiMioiiit 

Hidi taaptsrataie at Tastanizatioii" restoration tedmiques pose bofli creative 
resfejinitioii opportmhies and devated rislcs. Structores Hud are contaminated with 
paAogeos or siqjport eactensive zmcnibial contaminants may benefit firom desiccation and 
the Gs^tose of im(7obiai mass. 

Varyitig degrees of TMOperty damage are inevitable with Ms 

Effiits to i«nove and jHOtoct contents are essential tor cnstomec sansfecdon and i« 

lesenpoteDfialHability. - — 

Heating beyond 120°F requires an exceptional level of safety training, pttsonal 
protection and a detaiJed tmdeDrtand^ng of oontflwBtiWe and eogjloBivc anviionments. 
Unforeseen safety hazaids and accidents will Trndoubtedly initiate OSHA's scrutiny m the 
wodcplace. Hi^ tciDi«rahSrB procedures will place safety as an extreme concern on flie 
jobstte. 

Clieait expectations are bound to soar if "high tenqsetatare restoration'* is mariceted as a 
sanitation technique. Historical studies on theonal deafli in bacteria and spores ranges as 
fai^ as SIA'^, making amztatuHi and tmai^evdble goal 

No restojation process is pennanent Hi^ temperature is clearly e beoafit In the diort- 
tesfli; howeVM, struotm^ vOan flie moislnre conteacd is pooriy regulated will return to 
&dT piwious condition, caient training and orientation to the importance of m ai Ti t B inin g 
building performance and moisture controls may help lessen daims rfnafareja'esaitaiJOO. 



The aatk»r would like to thank the participation o^ Mr. Steve Vyroseik, Dr. Chin "Yang, 
Mr. Don Hcranam and Nidiolas Alfaergo, P.E., DEE for thar tedaiical commeots and 
suggestions. 
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BILLION 




Heat Treat ment Method Prov i des 
Water Damage/Mold Relief 

Escalating water damage and mold liability could cost insurers and property owners 
By Aian Forbess — - 1 



F or insurers facing 
extraordinary exposure 
from Hurricanes Katrina 
and Rita, the bad news continues. 
Serious mold contamination is 
now threatening water-damaged 
homes and commercial properties 
throughout the region. With 
losses estimated to rise beyond 
$90 billion in flooded New 
Orieans and the Gulf Coast, the 
more than 15,000 adjusters 
dispatched aren't nearly enough to 
handle the region's estimated two 
million claims. Hurricane Wilma 
and recent flooding in the 
Northeast are only compounding 
the problem, for where there's 
flooding that is not addressed 
immediately, mold growth and 
resulting claims will surely 
follow. Moreover, the hurricanes 
may just be the start of painful 
times for insurers and property 
owners if the disruptive weather 
patterns predicted for the rest of 
the century by Purdue University 
researchers prove correct. 

With all this bad news piling 
up, the insurance and real estate 
industries could use some good 
news for a change. A 
revolutionary new heat treatment 
process established in California 
is looking like it could be the 
silver lining to a very cloudy 
period, [providing an alternative 
methodology which could save 
the insurance and real estate- 
industries billions of dollars.' 
ThcrmaPureHeat may be a big 




part of the solution. 
ThermaPureHeat has proven to be 

an effective alternative to 
traditional demolition-based 
remediation and building dry-out 
methods, potentially saving US 
insurers billions of dollars over 
the next several years. 

The process, developed by E- 
Therm, an environmental 
remediation innovator based in 
Ventura, Calif, uses superheated, 
dehumidified air to disinfect, 
decontaminate, and dry out 
buildings in much the same way 
heat is used to pasteurize milk and 
kill bacteria in wine. 

In the ThermaPureHeat 
process, technicians use propane- 
powered portable heaters and air 
blowers to inject superheated air 
into the affected space, raising the 



temperature of a single room or 
entire structure to as much as 160 

degrees Fahrenheit for several 
hours. Heat has shown to be 
effective in destroying active 
niold growth sites, and kills viable 
mold spores, bacteria, viruses, 
insects, and other heat-sensitive 
pests and organisms. Heat also 
accelerates the off-gassing of 
odors and toxins, even in 
inaccessible areas, without the use 
of chemicals. One of the main 
benefits of heat is that the proper 
application can dry out wet 
buildings much quicker than the 
traditional method of simple air 
movement and dehumidifjcation 
typically used by flood restoration 
contractors; 

Whether applied to aid in 
disaster recovery or in addressing 



more routine water intrusion 
problems, insures and property 
owners are finding that heat offers 

an effecXive alternative or adjunct 
to costly traditional demolition- 
based mold remediation and flood 
restoration. 

Used in conjunction with 
limited "remove and replace" 
remediation or as an alternative to 
it in some instances, the heat 
treatment process could minimize 



liability and mcrease clearance 
testing success rates. Heat also 
allows the contractor to treat 
many building materials in place, 
avoiding the cost and expense of 
unnecessary removal of walls, 
finnrin£^ cabinetiy and- 



more significantly, the Cost of 
insuring lost business - can, in 
fact, sometimes exceed 
remediation costs. 

Inaccessible areas such as wall 
cavities, crawlspaces, headers, 
doorjambs, and vapor barriers 
present another dilemma. Either 
spend prohibitively to reach, 
remove, and replace building 
structures in these inaccessible 
areas - or leave them with 
potential live mold or mold spores 
which could pose a re-infestation 
hazard. 

Removal and replacement of 
mold-affected areas can also be 
complicated by other factors • 
such as when building structures 



managed in place at lower cost in 
many instances; the same is true 
of mold today.'* 

According to Geyer, the 
industrial hygiene community has 
been focusing on the symptom - 
mold - while failing to properly 
address the cause • moisture. 

"If physical removal is the 
only acceptable remediation 
method, you may as well 
demolish the building," says 
Geyer, ''Because you can'i 
simply scrub mold off the surface 
when its roots grow into the 
substrate." Geyer explains that 
mold, as a fungus, is a plant 
without chlorophyll whose roots 
grow into the substrate of building 



furnishings. 



Drawbacks of Traditional 
Mold Remediation 

Traditional mold remediation 
typically includes limited or 
extensive demolition of impacted 
building materials, and extensive 
cleaning using techniques such as 
wire brushing, sanding, HEPA 
vacuuming and microbial wipe 
down. This has been the standard 
mold remedy, which is costly and 
time consuming. As with all 
fi^^pbhse actions, the more 
extensive the tear down the higher 
the build back costs. 

"Cost escalates when 
suspected mold requires the tear 
down and build back of structures 
that may be salvageable," says Joe 
McLean, CEO of AHiance, a 
Calif.-based environmental 
contractor that deals extensively 
in mold and asbestos remediation. 
"For instance, if a consultant 
specifies removal of a 4-foot 
perimeter on four walls because 
moisture has wicked up one, the 
tear down and build back of 
showers, cabinets, countertops 
and such can significantly 
increase costs." 

Because insurers often cover 
building structures, their contents, 
as well as loss of use, long 
remediation projects that vacate 
the occupants for weeks or 
months can also rack up high 
secondary costs. The cost for 
replacement housing, meals - or 



like studs or floor joists are 
structurally necessary, or when 
historical features such as frescos, 
carved wood,, or decorative 
plasters prove difficult or 
prohibitively expensive to replace. 

Reining in Mold Liability 

Some in the industrial hygiene 
community feel that the sky-high 
cost of mold liability can be 
brought back down to earth by 
refocusing on the basics. 

"Mold remediation today is 
stuck in the mindset of early 
asbestos remediators who 
believed that everything had to be 
ripped out regardless of the cost," 
says Michael Geyer, P.E., C.I.H., 
C,S.P., who's President of 
Kemtec Industries, a Calif -based 
environmental consulting firm. 
"Remediators later learned that 
asbestos could be more effectively 



materials and whose spores are 
like the Seed-bearing firui t of a 
tree. 

*To properly handle mold, you 
have to handle the moisture 
problem," adds Geyer. "Applying 
heat through a process like 
ThennaPure*s is not only lethal to 
mold and other biohazards like 
bacteria and insects, but it also 
dries out the substrate, structure, 
and architectural elements. This 
helps prevent future recurrences 
since the substrate is no longer 
hospitable to growth." 

"Mold in a wall cavity doesn't 
necessarily need to be removed as 
long as it's effectively killed and 
not part of the occupied space," 
says Geyer. "In instances of mild 
to moderate water intrusion of 
short duration, substrate removal 
is usually unnecessary and 
unwarranted except when visibly 




contaminated or when 
architectural elements are 
compromised. That's where heat 
treatments like ThermaPure can 
be effective for managing mold in 
place. It penetrates cracks, 
crevices, and typically 
inaccessible areas like wall 
cavities at a fraction of the cost of 
removal and replacement.'* 

Don't Demolish the 



Bottom Line 

When a water loss incident 
with detectable but no visible 
mold affected office space at a 
Juvenile Hall in a Monterey 
County, Calif., gross removal 
incl iifi ing impi^rtp . ri wall ravitv 



building inspections Revealed 
water damage or elevated 
moisture levels in 109 of 122 
residential units, along with an 
extensive termite problem. 
Complications included an 
accelerated restoration schedule, 
budget constraints, and a summer 
occupancy schedule which was 
already booked. 

The consultant recommended 
the ThermaPureHeat process to 
res t rict deniolition to only those 
areas where physical damage or 
visible mold growth was present. 
Of the 109 units needing 
remediation, only 10 units 
required extensive demolition, 
including cabinetry or shower 



prop^ties in lieu of desmictive 
removal." 

PDG Environmental, a 
national environmental 
remediation contractor, used the 
ThermaPure process in New 
Orleans after recent hurricane 
activity. "We used it to poHsh off 
any mold or bacteria left after 
traditional remediation on a 
commercial site that was flooded 
with sewage-contaminated water," 
said John Regan, Chah i han aud 



CEO of PDG Environmental, "it 
dried out the building extremely 
quickly and helped us meet 
clearance levels." 

Geyer adds, **Had the heat 
treatment been w idely used in 



was estim ated at $20,000. 
Instead, the County opied lo 
manage the mold in place using 
the ThermaPure process. The 
impacted area was heated to 160 
degrees Fahrenheit while 
maintaining 145 degrees 
Fahrenheit in wall cavities arid 
other inaccessible spaces in 
pxcess of two hours. Mold 
remediation protocol including ^ 
critical barriers, negative air; 
containment, and HEPA] 
vacuuming were implemented as* 
well 

Afterward, post remediation 
viable samples analyzed by 
Hygeia Labs of Pasadena, CA 
revealed no viable mold/fungi 
detected within the impacted wall 
cavity. Costly gross remediation 
was avoided and inaccessible 
areas received additional drying. 
The savings to the County using 
ThermaPure in lieu of gross 
remediation was $ 1 7,000. 

Because ThermaPure treating 
a structure generally takes less 
than eight hours, no multiple day 
move outs are required. This 
minimizes business disruption and 
loss as well as any secondary 
costs such as for housing or 
meals. 

A Case Study 

Recently, a large investment 
group purchased a student 
housing complex at a major 
Southern California university. 
During the due diligence period. 



stall removal. ThermaPure 
effectively killed die mold in 
inaccessible areas, allowing 
minimal removal and replacement 
as part of site remediation. 

This significantly cut required 
restoration time and costs. Air 
mnits were HEPA cleaned and 
[sampled as part of traditional post 
i remediation testmg, with all 122 
iunits passing. By working in 
selected buildings and moving 
quickly through the complex, the 
university was able to house 
specialty groups and camps 
throughout the summer, meeting 
its stated obligations and 
generating revenue without 
interruption. 

Total savings were estimated 
at $4 million using ThermaPure 
compared to traditional remove 
and replace remediation, which 
would have closed the facilities to 
summer use and required 
extensive tear down and rebuild 
expenditure. The heat treatment 
simultaneously eradicated the 
termite infestation. 

"Heat treatments like 
ThermaPure's are a win-win for 
the insurance company and 
nropertv owner," says Michael 
Geyer, P.E..C.1.H.,C.S,P. "Heat 
is even being used to achieve final 
clearance on tough traditional 
remediation projects where typical 
methods often fail. It can be used 
to salvage moisture-damaged 
contents instead of disposal and 
can help preserve historical 



Mew Orleans and other hurricane 
ravaged ar^s, buildings wiJi 
minor to nKwierate water damage 
could have "been rapidly 
rehabilitated for far less than 
typical remove and replace 
t remediation," 

Since ThermaPure can raise 
temperatures in targeted areas or 
entire structures to levels lethal to 
biological pests, it has been 
successftilly used against mold 
and ftingi, bacteria and viruses, 
insect infestations, and to improve 
indoor air quality by accelerating 
the off-gassing of odors and 
toxins. 



Alan Forbess is President 
of Criterion Environmental, a 
full-service environnnentai 
consulting firm based in 
Ventura. California. He is a 
Registered Environmental 
Assessor in the State of 
California and a Certified 
Microbial Consultant with the 
American Indoor Air Quality 
Council. He has provided 
expert witness testimony in 
several legal cases and 
managed over 1 ,000 mold 
assessments for commercial, 
residential and educational 
properties. For more info, visit 
www.thermapure.com; call 
805-641-9333; fax 805-648- 
6999; email 

info@thermapure.com; or write 
to E-Therm, Inc. at 180 
Canada Large Road. Ventura, 
CA 93001. 
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Environmeniai and occii paiioiial re.spiratorv disorders 
Position paper 



The medical effects of mold exposure 



Robert K. Bush, MD, FAAAAi/ Jay M. Portnoy, MD, FAAAAI,** Andrew Saxon, 
MD, FAAAAI/ Abba I. Terr, MD, FAAAAl/ and Robert A. Wood, MD* Madison ' 
Wis, Kansas City, Mo, Los Angeles and Palo Alto, Calif, and Baltimore, Md 



Exposure to molds can cause human diseaise through several 
well-defined mechanisms. In addition, many new mold-related 
illnesses have been hypothesized in recent years that remain 
largely or completely unproved. Concerns about mcrid exposure 
and its effects are so common that all health care providers, 
particularly allergists and hnmunologtsts, are frequently faced 
with issues regarding these real and asserted mold-related 
illnesses. The purpose of this position paper is to provide a 
state-of-the-art review of the role that molds are known to play 
in human disease, including asthma, allergic rhinitis, allergic 
bronchopulmonary aspergillosis, sinusitis, and hypersensitivity 
pneumonitis. In addition, other purported mold-related 
illnesses and the data that currently exist to support them are 
carefully reviewed, as are the currently available approaches 
for the evaluation of both patients and the environment 
(J Allergy Qin Immunoi 2006;l]7:326-33.) 

Key words: Mold, fungi, hypersensitivity, allergy, asthma 

Exposure to certain fiingi (molds) can cause human 
illness. Molds cause adverse human health effects through 
3 specific mechanisms: generation of a harmful immune 
response (eg, allergy or hypersensitivity pneumonitis 
fHP]), direct infection by the organism, and toxic-irritant 
effects from mold byproducts. For each of these defined 
pathophysiologic mechanisms, there are scientifically 
documented mold-related human diseases that present 
with objective clinical evidence of disease. Recently, in 
contrast to these well-accepted mold-related diseases, a 
number of new mold-related illnesses have been hypoth- 
esized. This has become a particular issue in litigation that 
has arisen out of unproved assertions that exposure to 
indoor molds causes a variety of ill-defined illnesses. 
Many of these illnesses arc characterized by the absence of 
objective evidence of disease and the lack of a defined 
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Abbreviations used 
ABPA: Allergic bronchopulmonaiy aspergillosis 
CRS: Chronic rtiinosinusitis 
HP: Hypersensitivity pneumonitis 
MVOC: Volatile organic compound made by mold 
VOC: Volatile organic compound 



pathology and are typically without specificity for the 
involved fungus-~fungal product purported to cause the 
illness. 

In this position paper we will review the state of the 
science of mold-related diseases and provide interpre- 
tation as to what is and what is not supported by scientific 
evidence. This is important for members of the allergy- 
clinical immunology community, who are frequently 
asked by patients, parents, and other interested parties to 
rendCT opinions about the relationship of mold exposure to 
a variety of patient complaints. Given the nature of this 
document, key rather than exhaustive citations are pro- 
vided. The latter can be found in documents such as the 
Instinjte of Medicine reports "Damp indoor spaces and 
health"^ and "Clearing the air asthma and indoor air 
exposure."^ 

THE RELATIONSHIP OF MOLDS TO 
ALLERGY AND ASTHMA 

It is estimated that approximately 1 0% of the population 
have IgE antibodies to common inhalant molds.^ About 
half of these individuals (5% of the population) are 
predicted to have, at some time, allergic symptoms as a 
consequence of exposure to fungal allergens."^ Although 
indoor fimgal allergen exposure occurs, outdoor exposure 
is generally more relevant in teims of sensitization and dis- 
ease expression. The role of indoor fungi in the pathogen- 
esis of allergic disease has been extensively reviewed 
in recent reports from the Instimte of Medicine of the 
National Academy of Science. ^ 

Sensitization to fungi, particularly Alternaria alternata, 
has been linked to the presence, persistence, and sever- 
ity of asthma.^ Exposure to atmospheric fungal spores 
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(principally in the outdoor environment) has been related 
to asthma symptoms and medication use in children with 
asthma.^ 

The association of asthma symptoms and exposure to 
indoor fungi is less clearly established. Literature reviews 
suggest that children living in damp houses, homes with 
visible mold growth, or both were more likely to experi- 
ence lower respiratory tract symptoms of cough and 
wheeze than children who do not.^'^ Recent prospective 
epidemiologic studies have shown that infants at risk for 
asthma, defined by a maternal history of asthma, who are 
exposed to high concentrations of indoor fungi (in addition 
to cockroach allergen and nitrogen dioxide sources) in the 
first year of life are at risk for persistent wheezing and 
cough.^^° These and similar epidemiologic reports fall 
shon of prospective studies that control for confounding 
factors, such as humidity and other airborne allergens 
and irritants. 

Molds are often presumed to be an important cause of 
the other atopic manifestations, including allergic riiinitis 
and, to a far lesser degree, atopic dermatitis. Abundant 
published data have established that sensitization (by skin 
testing, circulating IgE antibodies, or both) to one or more 
airborne molds occurs in these diseases, although sensi- 
tization is less frequent to molds than to pollens, animal 
danders, and house dust mite. 

Current studies do not conclusively demonstrate a 
causal relationship of airborne mold exposure and clinical 
manifestations of allergic rhinitis. The data on outdoor 
molds (eg, Alternaria species and basidiomycetes) pur- 
portedly causing allergic rhinitis are indirect and conflict- 
ing. ' ^'^^ Studies attempting to coirelate indoor molds with 
symptomatic allergic rhinitis are even more problematic 
because of such methodological uncertainties as lack of 
quantitative mold sampling ''^"^^ and inclusion of upper 
respiratory tract infections. 

Published reports document mold sensitivity in some 
children and adults with atopic dermatitis. '^"^^ However, 
there are no publications that establish a causal role for air- 
borne molds in this disease rather than the IgE antibodies 
simply reflecting an expected concomitant of their atopic 
state. There are no credible reports in the medical literature 
documenting indoor exposure to molds as a cause of 
the nonatopic IgE-mediated diseases (eg, urticaria-angio- 
edema and anaphylaxis). 

Conclusions: 

• Atopic patients (those with allergic asthma, allergic 

rhinitis, and atopic dermatitis) commonly have IgE 
antibodies to molds as part of polysensitization. 

• Allergic responses to inhaled mold antigens are a rec- 
ognized factor in lower airway disease (ie, asthma). 

• Currently available studies do not conclusively prove 
that exposure to outdoor airborne molds plays a role 
in allergic rhinitis, and studies on the contribution of 
indoor molds to upper airway allergy are even less 
compelling. 

• Exposure to airborne molds is not recognized as a 
contributing factor in atopic dermatitis. 



• Exposure to airborne molds is not recognized as a 
cause of urticaria, angioedema, or anaphylaxis. 

• Patients with suspected mold allergy should be 
evaluated by means of an accepted method of skin or 
blood testing for IgE antibodies to appropriate mold 
antigens as part of the clinical evaluation of potential 
allergies. 

ALLERGIC BRONCHOPULMONARY 
ASPERGILLOSIS AND SINUSITIS 

Allergic bronchopulmonary aspergillosis (ABPA) is a 
well-recognized clinical entity affecting individuals with 
asthma or cystic fibrosis.^ ^ A variety of fiingi in addition 
to Aspergillus fumigatus can produce a similar clinical 
picture. The critical element in ABPA is an underiying 
anatomic change in the lung and not a specific mold 
exposure because at-risk individuals will have ongoing 
exposures caused by the ubiquitous nature of the fiingi 
involved. Exposure to A fumigatus can occur both from 
indoor and outdoor sources. 

Allergic fungal sinusitis is similar to ABPA in that it 
is a localized hypersensitivity condition resulting from 
fungal growth in an area of abnoimal tissue drainage.^^ 
Although originally attributed primarily to A fumigatus, 
other fungi, particularly mitosporic (formerly known as 
Deuteromycetes or imperfect fungi) fungi are more com- 
monly implicated (eg, Curvularia and Bipolaris species). 
Ahnost uniformly there is allergic sensitization to multi- 
ple allergens, including the fungus implicated in the 
affected sinus. Criteria for this condition have been well 
delineated, and it is generally readily distinguishable 
from typical chronic sinusitis. Specific criteria for diag- 
nosis include eosinophilic mucus demonstrating non- 
invasive fungi, type 1 hypersensitivity (history, positive 
skin test result, or positive in vitro test result to aller- 
gens), nasal polyposis, and characteristic radiographic 
findings. 

It has recently been proposed that most cases of chronic 
rhinosinusitis (CRS) are attributable to sensitivity to fiingi. 
In particular, Alternaria species were suspected because 
most patients had these organisms recovered by means 
of culture from sinus surgery specimens. However, these 
organisms are frequently recovered from the nasal cavities 
of healthy individuals. Although some evidence for 
an immune response to these fiingi in patients with 
CRS has been presented, clear-cut evidence for this as 
the cause of CRS is still lacking, and treatment with 
intranasal antifungal agents (eg, amphotericin) has not 
been conclusively demonstrated to be an effective 
treatment.^^ 

Conclusions: 

• ABPA and allergic fungal sinusitis are manifestations 
of significant hypersensitivity to fungi, particularly 
Aspergillus species. 

• Data supporting the role of fungi in CRS are lacking at 
this time. 
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HYPERSENSITIVITY PNEUMONITIS 

HP, also referred to as extrinsic allergic alveolitis, is a 
disease that exists in acute, subacute, and chronic forms but 
with considerable overlap. It is an allergic disease in which 
the allergen is inhaled in the form of an organic dust of 
bacterial, fungal, vegetable, or avian origin. Both sensiti> 
zation and the elicitation of the disease state generally 
require high-dose exposure, prolonged exposure, or both 
to the causative allergen. Many cases are, in fact, occupa- 
tional because of this. There are reports of a similar, if 
not identical, disease from workers exposed to inhaled 
chemicals, especially isocyanates. A few instances of the 
disease have been attributed to systemically administered 
drugs, 

HP is rare, and most cases have been reported in certain 
occupations, such as fanning, and in hobbyists, such as 
persons who raise pigeons. It is not a reportable disease, 
and therefore prevalence and incidence are difficult to 
estimate. The immunopathogenesis of the disease is 
believed to be cell-mediated (delayed) hypersensitivity. 
Allergen-specific precipitins are often present in serum 
and are important is establishing exposure. Precipitins 
might also play a role in the mechanism of the acute phase 
of the disease. HP results in acute episodes of noninfec- 
tious, immunologically mediated interstitial pneumonitis 
(ie, alveolitis), which might eventually produce restrictive 
irreversible lung disease. 

The diagnosis requires a clinical and environmental 
history, relevant physical examination findings, chest 
radiography or computed tomographic scanning, high- 
resolution computed tomographic scanning, pulmonary 
function testing, bronchoalveolar lavage, and transbron- 
chial or open lung biopsy. Specific diagnosis of the re~ 
sponsible allergen is performed by testing for IgG antibody 
to the allergen extract, typically by testing for the presence 
of precipitins in the Ouchteriony double-diffusion assay, 
in some instances provocation inhalation challenge to the 
suspected allergen extract might be necessaiy to replicate 
pertinent clinical and laboratory responses. Finally, a 
favorable response to the elimination of the inhaled 
antigen, administration of prednisone, or both is confir- 
matory. Because a differential diagnosis covers a number 
of respiratory diseases, an accurate diagnosis of HP 
demands that the clinical diagnosis be ensured. 

Exposure to domestic specific indoor fungal spores is 
an extremely unlikely cause of HP, except in highly 
unusual circumstances, such as workplace exposure. 

Conclusions: 

• HP is an uncommon but important disease that can 
occur as a result of mold exposure, particularly in 
occupational settings with high levels of exposure, 

INFECTION 

Superficial mold infections (eg, tinea cruris, onycho- 
mycosis, and thrush) are common in healthy individuals 



and result primarily from local changes in the cutaneous 
or mucosal barrier, resident microflora, or both.'***^^ 
These infections are not the result of environmental ex- 
posure, except occasionally as related to certain animal 
vectors. Indeed, molds of the Malassezia genus are resi- 
dent on the vast majority of human subjects and only 
become evident as "tinea versicolor" during periods of 
more exuberant growth. A limited number of molds (eg, 
coccidiomycosis, histoplasmosis, and blastomycosis) are 
aggressive pathogens in otherwise healthy persons. 
Acquisition of these infections is generally related to spe- 
cific outdoor activities-exposures. Individuals with recog- 
nized primary and secondary immunodeficiency disorders 
are at increased risk for infection with a wide range of op- 
portunistic fungi, with the risk varying with the degree and 
nature of the specific immunodeficiency. Opportunistic 
fungal infections are typically associated with cellular 
rather than (isolated) humoral immunodeficiencies. 
GeneraUy, host factors, rather than environmental expo- 
sure, are the critical factor in the development of opponun- 
istic mold infection in immunocompromised individuals 
because exposure to potential fungal opportunistic patho- 
gens (eg, Aspergillus species) is ubiquitous in normal 
outdoor and indoor environments. Accepted histologic 
and microbiologic methods should be used to make the 
diagnosis of fungal infection. 

Conclusions: 

• Common superficial fungal infections are determined 
by local changes in the skin barrier, resident micro- 
flora, or both. 

• A very limited number of aggressive fungal patho- 
gens can be acquired through specific outdoor exposures. 

• Host factors, rather then environmental exposure, 
are the main determinant of opportunistic frmgal 
infection. 



TOXIC EFFECTS OF MOLD EXPOSURE 
Ingestion 

Ingestion of mycotoxins in large doses (generally on the 
order of a milligram or more per kilogram of body weight) 
from spoiled or contaminated foods can cause severe 
human illness.^^ Toxicity from ingested mycotoxins is pri- 
marily a concern in animal husbandry, although human 
outbreaks do occur occasionally when starvation forces 
subjects to eat severely contaminated food. Specific 
adverse effects from a given toxin generally occur in a nar- 
rower and better-defined dose range than for immunologic 
or allergic effects that might vary across much broader 
dose ranges. Some mycotoxins, such as ocratoxins and 
aflatoxins, are commonly found in food stuffs, including 
grain products and wines, and peanut products, respec- 
tively, such that there are governmental regulations as to 
the amounts of allowable aflatoxin in foods.^"'*^^ Acute 
high-intensity occupational exposures to mixed bioaero- 
sols have given rise to a clinical picuire called "toxic 
dust syndrome." The nanire of the responsible agent or 
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agents in that condition remains undefined, and the 
observed adverse effects reported have been transient. 
Such exposures are highly unlikely in nonoccupational 
settings. 

Toxicity caused by inhalation 

The term mold toxicity as used here refers to the direct 
injurious effects of mold-produced molecules, so-called 
mycotoxins, on cellular function. Toxicity should not 
be used to refer to changes related to innate immune 
responses (eg, nonspecific inflammation caused by 
mold particulates) or to adaptive immune responses (eg, 
induction of IgE or IgG antibodies). Mycotoxins are 
low-molecular-weight chemicals produced by molds that 
are secondary metabolites unnecessary for the primary 
growth and reproduction of the organisms. In-depth re- 
view of the toxicology of mycotoxins and their potential 
for adverse health effects can be found elsewhere,^** It is 
important to emphasize key principles of toxicology rele- 
vant to patient concerns about possible toxic effects from 
mold exposure. 

Only certain mold species produce specific mycotoxins 
under specific circumstances. Importantly, the mere pres- 
ence of such a mold should not be taken as evidence that 
the mold was producing any mycotoxin. For a toxic effect 
to occur in a subject, ( 1 ) the toxin must be present, (2) there 
must be a route of exposure, and (3) the subject must 
receive a sufficient dose to have a toxic effect. In the 
nonoccupational setting the potential route of exposure is 
through inhalation. Mycotoxins are not volatile and, if 
found in the respirable air, are associated with mold spores 
or particulates. They are not cumulative toxins, having 
half-lives ranging from hours to days depending on the 
specific mycotoxin. Calculations for both acute and sub- 
acute exposures on the basis of the maximum amount of 
mycotoxins found per mold spore for various mycotoxins 
and the levels at which adverse health effecu are 
observed make it highly improbable that home or office 
mycotoxin exposures would lead to a toxic adverse health 
effects,*'^^ 

Thus we agree with the American College of Occu- 
pational and Environmental Medicine evidence-based 
statement and the Institute of Medicine draft, which 
conclude that the evidence does not support the conten- 
tion that mycotoxin-mediated disease (mycotoxicosis) 
occurs through inhalation in nonoccupational settings. 
Furthermore, the contention that the presence of myco- 
toxins would give rise to a whole panoply of nonspecific 
complaints is not consistent with what is known to occur, 
when a toxic dose is achieved (eg, through ingestion of 
spoiled foods), there is a specific pattern of illness seen for 
specific mycotoxins. 

Conclusions: 

• The occurrence of mold-related toxicity (mycotoxico- 
sis) from exposure to inhaled mycotoxins in nonoccu- 
pational settings is not supported by the current data, 
and its occurrence is improbable. 



IRRITANT EFFECTS OF MOLD EXPOSURE 

The Occupational Health and Safety Administration 
defines an irritant as a material causing ''a reversible 
inflammatory effect on living tissue by chemical action at 
the site of contact." Irritant effects are dose related, and the 
effects are transient, disappearing when the exposure has 
decreased or ceased. 

Molds produce a number of potentially irritating sub- 
stances that can be divided into volatile organic com- 
pounds (VOCs) and particulates (eg, spores, hyphae 
fragments, and their components). The threshold level of 
irritant response depends on the intrinsic properties of the 
specific materia] involved, the level plus length of expo- 
sure, and the innate sensitivity of the exfjosed tissues 
(eg, the skin versus nasal mucosa). 

VOCs made by molds (MVOCs) are responsible for 
their musty odor. MVOCs include a wide range of alco- 
hols, ketones, aldehydes, esters, carboxylic acids, lactones, 
terpenes, sulfur and nitrogen compounds, and aliphatic and 
aromatic hydrocarbons. Although levels causing irritant 
effects have been established for many VOCs, MVOC 
levels measured in damp buildings are usually at a level 
so low (on the order of nanograms to micrograms per cubic 
meter) that exposure would not be expected to cause com- 
plaints of irritation in human subjects.^' Because there are 
other sources of VOCs indoors, measurement of indoor 
airborne concentrations of MVOCs is rarely done. 

Mold particles (spores, hyphal fragments, and their 
structural components) are not volatile. These structural 
mold compounds (particulates) have been suggested to 
cause inflammation through deposition on mucus mem- 
branes of their attached glucans and mannans. However, 
whether such effects occur clinically remains unproved. 
In fact, subjects exposed to airborne concentrations of 
between 215,000 and 1,460,000 mold sporesAn^ at work 
showed no differences in respiratory symptoms at work 
versus while on vacation nor was there evidence of in- 
creased inflammatory markers in their nasal lavage fluids 
related to their mold exposure at work.^^ Thus mold par- 
ticulates generally found indoors, even in damp buildings, 
are not likely to be irritating. 

It should be emphasized that irritant effects involve the 
mucus membranes of the eyes and upper and lower res- 
piratory tracts and are transient, so that symptoms or signs 
persisting weeks after exposure and those accompanied by 
neurologic, cognitive, or systemic complaints (eg, chronic 
fatigue) should not be ascribed to irritant exposure. 

Conclusions: 

• The occurrence of mold-related irritant reactions from 
exposure to fungal irritants in nonoccupational settings 
are theoretically possible, although unlikely to occur 
in the general population given exposure and dose 
considerations. 

• Such irritant effects would produce transient symp- 
toms-signs related to the mucus membranes of the 
eyes and upper and lower respiratory tracts but would 
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not be expected to manifest in other organs or in a sys- 
temic fashion. 

• Further information about thresholds for irritant reac- 
tions in at-risk populations is needed to better define 
the role of molds, mold products, and other potential 
irritants in such individuals. 

IMMUNE DYSFUNCTION 

The question has been raised as to whether mold or 
mycotoxin exposure can induce disorders of immune 
regulation. At this time, there is no credible evidence to 
suggest that environmental exposure to molds or their 
products leads to a state of clinically significant altered 
immunity expressed as either immunodeficiency or auto« 
immunity. The published literature in this regard is of 
particularly poor quality and should not be relied on as 
scientifically valid.^^'^"* Individuals who have had intense 
occupational mold exposures do not manifest opportunis- 
tic infections or other findings of immunodeficiency, and 
thus even the most intense form of airborne mold exposure 
is not a recognized cause of secondary immunodeficiency 
in human subjects. Some mycotoxins are immunosuppres- 
sive and used for this purpose clinically (eg, cyclosporine). 
However, the doses involved are not relevant to what 
might have been found in the environment. Doses that 
might be seen in environmental exposures are discussed 
in other sections of this article (toxicity and environmental 
sections). Testing of a wide range of nonspecific immuno- 
logic parameters, such as immunophenotyping of lympho- 
cytes beyond those parameters having known clinical 
utility (eg, total B and CD3. CD4, and CD8 cells) or 
measurement of serum cytokines is not appropriate for 
assessing subjects for immunodeficiency in general and 
for mold-induced immune dysregulation specifically."^^ 

There is also no reliable evidence for mold exposure in 
any setting being a linked to the induction of autoimmune 
diseases in human subjects. Although certain viral and 
bacterial infections appear to have a relationship to the 
induction-precipitation of autoimmune diseases, such an 
association has not been established for any known mold 
exposure. The measurement of clinically useful tests of 
autoimmunity (eg, antinuclear antibody), much less test- 
ing of a broad array of nonvalidated autoantibodies (eg, 
putative antibodies to central or peripheral myelin), is 
not indicated, and such testing should not be used to indi- 
cate mold exposure or mold-related disease. 

This practice of testing many nonvalidated immune- 
based tests, as has been done previously to suggest an im- 
munologic basis for idiopathic environmental intolerance 
(multiple chemical sensitivity), is expensive and does not 
provide useftil information that will be of benefit in diagno- 
sis, management, or both of disease and is to be discouraged. 

Conclusions: 

• Exposure to molds and their products does not induce a 
state of immune dysregulation (eg, immunodeficiency 
or autoimmunity). 



• The practice of performing large numbers of nonspe- 
cific immune-based tests as an indication of mold 
exposure or mold-related illness is not evidence based 
and is to be discouraged. 

LABORATORY ASSESSMENT 

Patient assessment 

Measurement oflgE antibodies to moid proteins. As- 
sessment for IgE antibodies to mold antigens has clearly 
been validated as a measure of potential allergic reactivity 
to mold. This assessment can be done through either in vivo 
or in vitro testing. The relative strengths of these different 
fomis of testing have been reviewed reccntly.^**^^ In gen- 
eral, there is a weaker correlation between in vivo and 
in vitro testing for IgE antibodies to mold antigens than 
for other antigens, partly as a result of the heterogeneity 
of extractable mold proteins. A positive IgE antibody level 
to mold proteins without appropriate clinical evaluation 
should not necessarily be taken as an indicator of clinical 
disease. In addition, the presence of IgE antibodies to a 
mold cannot be used to determine the dose or timing of 
prior exposures. Although IgE antibodies to Stachybotrys 
species can be detected through in vitro or in vivo testing, 
such testing should be discouraged. Stachybotrys species 
is unlikely to be a relevant clinical allergen in human sub- 
jects because it is poorly aerosolized and far less common 
than other well-established mold allergens. 

M easuremen t oflgG antibodies to mold proteins. Assess- 
ment of IgG antibodies to moid proteins can be performed 
through immunoprecipitation-double diffusion or solid- 
phase immunoassays.^^ Such testing has demonstrated 
value in assessment of individuals with suspected HP or 
allergic bronchopubnonary mycosis. Immunoprecipitation 
assays have been classically used for the assessment of 
HP, and although they measure all classes of antibodies pre- 
sent, they are primarily detecting IgG antibodies. Such test- 
ing (immunoprecipitation or solid-phase IgG testing) is 
appropriate to perfomi only in the setting of a clinical pic- 
nire, including history, physical examination, imaging stud- 
ies, and other laboratory assessments, suggesting HP or 
allergic bronchopulmonary mycosis as part of the diiferen- 
tial diagnosis. Use of these tests as screening procedures 
for diese diseases in the absence of an appropriate clinical 
picture is discouraged. 

Immunoprecipitation testing remains the standard 
approach because the presence of precipitating antibodies 
is strong supportive evidence in the appropriate clinical 
setting. However, as many as half of highly exposed 
individuals mjght have precipitating antibodies in the 
absence of any clinical disease. Solid-phase immuno- 
assays have not been widely used for the specific diagnosis 
of these diseases. Although newer assays are quantitative, 
the actual level of IgG antibody that would be associated 
with either HP or ABPA has not been defined. Therefore 
a level of mold antigen-specific IgG antibody above a 
statistically defined reference range cannot be taken as 
evidence for HP or ABMA with the same strength as 
immunopr^ipitation testing. Limited studies suggest that 
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the level of a specific IgG antibody that would be 
associated with HP could be 5-foid or greater than the 
upper limit of the nondiseased group reference range. Use 
of older-generation, semiquantitative, solid-phase immu- 
noassays is not recommended. 

Testing for IgG antibodies to mold proteins cannot be 
used as a surrogate to assess either the level or timing of 
specific mold exposures.''^ This is not surprising given 
the widespread occurrence of molds in the environment. 

Measurement of antibodies of isotypes other than IgG 
(eg, IgA and IgM) to mold is not useful to assess mold 
exposure. However, the differential response of IgM and 
IgG antibodies is useful in diagnosis with specific orga- 
nisms (eg, coccidioidomycosis). IgM levels have not been 
shown to relate to specific airborne exposures to molds in 
the absence of infection because mold exposure is com- 
mon and generally ongoing. Measurement of IgA anti- 
bodies to airborne molds has not been shown to be related 
to a specific timing of exposure, and the claim that in- 
creased IgA antibodies to mold represents a more recent 
exposure than IgG antibodies is not supported by scientific 
evidence. Measurement of salivary IgA to mold as a 
marker of mold exposure has not been shown to have 
scientific validity. 

Measurement of antibodies to mycotoxins . Myco- 
toxins are not proteins but low-molecular-weight chemi- 
cals. There is no scientific basis to support measurement of 
alleged naturally occurring antibodies to various myco* 
toxins as a marker of exposure to mycotoxins. Evidence of 
natural exposures from ingestion in human subjects and 
animals and use of these compounds in clinical medicine 
does not support the concept of naturally occurring 
antibodies. Such testing has not been validated and can- 
not be relied on as an indication of exposure to any 
mycotoxin.^^ 

Conclusions: 

• Measurement of antibodies to specific molds has 
scientific merit in the assessment of Ig£-mediated 
allergic disease, HP, and allergic bronchopulmonary 

mycosis. 

• Measurement of antibodies to molds cannot be used as 
an immunologic marker to define dose, timing, and/or 
location of exposure to mold antigen inhalation in a 
noninfectious setting. 

• Testing for antibodies to mycotoxins is not scientifi- 
cally validated and should not be relied on. 

fvleasurement of molds and mold product 
exposure in the patient's environment 

An in-depth analysis of methods to measure fungal 
organisms, mold products, and mycotoxins in the envi- 
ronment is outside the bounds of this article. Such 
information is reviewed in depth elsewhere."*^ 

Measurement of fungi in the subjecfs environment. 
Measurement of airborne fungal spores in the subject's 
environment by using culture methods, nonculture 
methods, or both is commonly used. Air testing provides 



the most relevant measure of exposure and is usually 
reported as colony-forming units or spores per cubic meter 
of air. However, this testing suffers from the drawback that 
it is a snapshot that does not integrate exposure over time 
and provides data only about the location of sampling. 
Indoor testing must be compared with outdoor testing and 
preferably with more than one outdoor sample. Currently 
there arc no standards as to what constitutes acceptable 
levels of outdoor or indoor aiibome fungal spores. 

Given these caveats, the levels of airborne fungal spores 
found in an indoor sening can be considered in relative and 
absolute terms. Indoor fungal spores arise from outdoor 
sources present within soil and vegetation. Therefore an 
increase in indoor-outdoor concentrations of specific fiingi 
indicates the presence of an indoor source. Depending on 
clinical or other indications, it might be necessary to locate 
the source and, if necessary, take appropriate action. Total 
fungi spores that are greater in concentration in indoor 
than outdoor air might be potential evidence of increased 
fungal presence indoors. However, in normal indoor 
environments xerophillic fungi, such as Aspergillus and 
Penicillium species, might be found indoors at levels 
above those measured outdoors on a given day. Even 
when the fungal levels are greater indoors than those out> 
doors, health risks would be limited in most cases, except 
to the subject specifically allergic to the mold in question. 
Absolute fungal spore levels indoors can be put into con- 
text when one realizes that outdoor levels can reach tens of 
thousands of fungal spores per cubic meter and hundreds 
of thousands per cubic meter or higher around rotting veg- 
etation compost or in agricultural settings, such as in grain 
elevators. 

Bulk, surface, and within-wall cavity measurements of 
fungi, although sometimes indicating the presence of 
fungi, do not provide a measure of exposure. Fungi found 
in these places require a route of exposure through 
air (aerosolization and entry into the patient's respirable 
air) that involves many factors not included in these 
measurements. Such testing should not be used to assess 
exposure. 

Measurement of fungal products in the 
patient's environment 

Another approach to measure of potential fungal 
exposure is to test for fungal products in the environment. 

Structural fungal materials. Testing for the levels of 
general mold structural material (eg, p-glucans in settled 
dust) has been used to try to integrate levels of potential 
exposure to molds in general over time. Although an 
interesting research avenue, such testing does not provide 
any information as to the nature of the specific fungi 
involved or their source (indoor or outdoor), is not useful 
for predicting health effects, and has not found general 
acceptance, as discussed elsewhere. 

Mycotoxins. Specific molds can produce, under some 
conditions, a variety of mycotoxins or none at all. Thus 
measurements of spores cannot be used as surrogates 
of mycotoxin exposure. Mycotoxins can be measured 
directly. A variety of methodologies based on mass 
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spectroscopy have been applied to bulk samples with 
heavy fungaJ growth to identify the presence of myco- 
toxins; however, potential levels of mycotoxins in non- 
agricultural air samples are too low to be measured 
practically with this technology. The occurrence of my- 
cotoxins in bulk sampling does not provide evidence 
of exposure because mycotoxins themselves are nonvol- 
atile. Thus exposure requires inhalation of mycotoxin- 
containing spores or fungal fragments in the respirable air. 
For example, satratoxin H can be found in a sample of 
material with heavy Stachybotrys chartarum growth, but 
Stachybotrys species are not easily aerosolized. Testing 
with crude cytotoxicity of extracted bulk materials suffers 
from a lack of sensitivity and specificity. Such testing can- 
not be relied on to predict or evaluate health effects. 
VOCs. See section on irritant effects above. 

Conclusions: 

• Sampling of both indoor and outdoor air for mold 
spores provides a measure of potential exposures and 
can be useful in certain clinical conditions, but it has 
many shortcomings. 

• Bulk, surface, and within-wall cavity measurement or 
molds or mycotoxins, although having potential rele- 
vance for other purposes, cannot be used to assess 
exposure. 

• Testing for airborne mycotoxins in nonagricultural 
environments cannot be used to diagnose mold 
exposure. 

REMEDIATION 

Issues regarding remediation of mold are beyond the 
scope of this aiticle. Indoor mold growth should be 
addressed. These matters are reviewed at length in the 
Institute of Medicine 2004 report "Damp indoor spaces 
and health.*' For an overview, the reader can refer to the 
Occupational Health and Safety Administration document 
"A brief guide to mold in the workplace. The true chal- 
lenges of mold remediation are currently being addressed 
in the fiood-ravaged areas struck by hurricane Katrina, 
which will unfortunately provide a rich environment for 
the study of both mold-induced disease and mold 
remediation.'*^'*'^ 
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Abatract— As concern about indoor air quality (lAQ) has grown in recent years, understanding indoor 
aerosols has become increasingly important so that control techniques may be implemented to reduce 
damagmg health effecu and soiling problems This paper begins with a bncf look at the mechanics of 
deposiuon m the lungs and the aerosol dynamics that influence particles at all times This discussion shows 
that the particle diameters must be known to predict dose or soiling and to dctermme effiaent mitigauon 
techniques-Theparticle sizes produccd by the.yanoiis indoor sources^ ao« « un«««i! i?P«^ o[Mch^^^^ 
of source, must be known so that this process may begin 

This paper summarizes the results of a literature search into the sources, sues and concentrauons of 
mdoor particles There arc several types of indoor particles plant and animal bioaerosols and mineral, 
combustion and home/personal care aerosols These types may be produced indoors or outdoors, cntenng 
through building openings The sources may be short term, seasonal or conunuous Particle sizes produced 
vary from subnaicrometer to larger than 10 /<m The particles may be toxic or allergenic This mformation is 
presented m a summary table and is discussed m the text 

Kev wori^ mdex Particles, indoor air aerosols, particles size, indoor sources, lAQ 

of the particles deposited here arc in dia- 

meter 

In the trachea] bronchiolar region, air velocity and 
directional changes decrease The aerodynamic dia- 
meter range favored for deposition m this range is 
from 1 to 5 ^m The smaller particles are distnbuted 
throughout the alveolar segments of the respiratory 
traa As the vcloaty decreases to virtually zero, more 
time is available for sedimentation to occur, resulting 
in fewer and fewer particles reachmg the alveoh 
Gravity becomes less important as the particles be- 
come smaller, thus particles, usually smaller than 
1 /im, are deposited on alveolar walls mostly by 
diffusion 

The interaction between partKles and cells is largely 
dependent on where m the respiratory tract the par- 
ticles deposit For example, particles deposited m the 
alveoli require more mechamsms for removal than 
particles that deposit in the upper respiratory tract 
However, the dose received by the person is dependent 
on the solubility of the particles and other aspects, as 
well as the deposition site 

Bioaerosols, including bacteria and viruses, present 
speaal health hazards due to the nsk of infection as 
discussed m the animal aerosol section 

For further information, see Casarett (1975), Gard- 
ner and Fmley (1983), Hmds (1982). Knight (1980), 
LaForoc (1986), Lippmann0972), Nelson et al (1988), 
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Knowledge of particle sources, sizes, concentrations, 
phases and compositions in indoor air is important 
because of the potential health effects and the prob> 
lems related to deposition on surfaces This literature 
search has been performed to gather this information 
for use in desigmng test methodologies for air cleaners 
and other mitigation approaches These data will also 
aid m the selccuon of appropriate air cleaners Indoor 
air quality (lAQ) depends on the resulu of these 
efforts 

Health mphcations 
Health effects that result from inhaling indoor 

aerosols arc directly related to the particle diameters 
and the total mass mhalcd The single most important 
feature in lung deposition is the size of the particles 
Particles larger than 30;mi in aerodynamic diameter 
(the diameter of a unit density sphere of the same 
mass) have low probability of entering the nasal 
passages Figure 1 shows the Amcncan Conference of 
Governmental Industrial Hygienist's standards for 
particle samphng to approximate the deposition m 
various regions of the respiratory tract (Phalen et al . 
1986) The rapid and sharp changes of direction of air 
flow occurnng in the passages of the nose and pharyn- 
geal region favor deposition of larger particles Most 
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Fig a The three aerosoJ mass fractions recommended for particle size-selcctive sampling 



Parkhurst et al (1988), PhaJcn et al (1986), Rcpacc degradation results in ultra-small particles of radon 

and Lowrey (1985X Revsbcch et al (1987) and Tunc! progeny Rcsuspcnsion that occurs with sweeping or 

^ I9g5^ m-breezes results m large solid particles reentering the 

air Spraying yields mediuni liquid or small particles 

Soihng Aerosol retnoval 

Problems caused by indoor aerosols, other than motion of particles is determined by the kinetic 

those due to health effects, include deposition on properties of the gas and other external forces that act 

surfaces that rcsulU m dirty floors and windows m the particles The following physical phenomena 

home and office, failure of precision machinery, soiled ^^^^^ ^^^^ ^j^^, ^^^^^ ^ ^^^^^ transport or 

and discolored art work m museums, etc Agam, the ^^j^sition of aerosol particles gravitational and elcc- 

partide diameters determine the path taken by the ^^^j ^^j^^ ^^^^ ^^^^^ ccntnfugal flows, mertial 

particles whether they deposit on a horizontal or forces, shear gradients, Conohs forces, and conoentra- 

vertical surface, remain in the airstream, or are re- ^^^^ ^j^^^ gradients Interfacial phenomena 

moved by an air cleaning device include evaporation, condensation, nucleation, adhe- 

For more information, refer to Baer and Banks ^^^^ dcctncai charging of particles Evaporation 

(1985), Gardner and Fmley (1983), NaxaroflT and Cass condensation of droplets change the size distn- 

(1989). Okada and Matsunuma (1974), Raes et al button of the particles Evaporation reduces or elim- 

(1987)andRaunemaaerfl/ (1989) ^^^^^ ^^^^ parttcles, condensation leads to the 

growth of other particles Critical diameter is used to 

Aerosol formation determine which particles will grow by condensation 

General sources and mechamsms that form aerosols This diameter depends on vapor pressure Particles 

include condensation, combustion, nuclear degrada- smaller than the cntical diameter will evaporate with 

uon, resuspcnsion and spraymg Condensation of their mass becoming available to aid m the growth of 

vapors m gas streams produces small liquid particles the larger particles 

Combustion results in smallhquid and solid particles, Adhesion forces arise from particle and surface 

as well as larger solid particles such as soot Nuclear properties, interface geometry and condensed gas con* 



Airborne partide sues and sources 
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stitucnts When small aerosol particles deposit on a 
solid surface, tbey usually adhere on contact due to 
these forces The adhesive force can be increased by 
parucle elcctrostaUc charge, but high humidity can 
counteract this effect" lifdst aifHrlcamn^ devices use" 
this property to collect particles 

The electrostatic charge assoaated with suspended 
particles consists of an excess or deficiency of electrons 
nr an excp« nf ions attached to the particle Most 
small particles have naturally acquired charges from 
electron transfer dunng contact or separation or 
because of frec-ion diffusion Collision and adhesion of 
oppositely charged particles (or particles and a sur- 
face) affect sedimentation rates The maximum likely 
particle charge increases with particle diameter Elec- 
tronic air cleaners mt this propc ny by charging 

parfir-W Ih*" rnllegftfip them on opposite charged 

surfaces 

External forces that may act on aerosol particles 
include gravitational, electrical, thermal and molecu- 
lar forces Sedimentation, resulting from gravity, leads 
to particles settling^utx£a stream. oniOLhorizontal 
surfaces The setthng veloaty of a small sphencal 
particle can be closely approximated by Stokes' law 
and is directly proportional to the paruclc diameter 
squared As the sedimentation velocity or particle size 
inaeases, inertial effects in the fluid become important 
and must be incorporated into the veloaty calcu* 
lation Once the sedimentation veloaties have been 
determined, the rate of deposition on surface due to 
sedimentation alone can be calculated Sedimentation 
IS an example of a maaoscale mechanism The settling 
velocity, which directly relates to the number of 
particles of a given size that deposit, is shown by 
particle size m Fig 2 This figure shows that settling 
velocity and time to terminal velocity increase rapidly 
with particle size 



Impaction occurs when a particle collides with an 
obstacle m the flow path Smaller particles follow the 
gas flow hnes around an obstacle, whereas larger 
partKles, owing to their greater inertia, arc unable to 
change thnr" driectidn; as showtt "by the Urae" to 
terminal veloaty m Fig 2, resulting in impact with the 
obstacle Thus impaction shifts the particle size dis- 
tnbution toward the smaller particles Fthers use this 
method <as well as others) to capture particles 

Diffusion of aerosol particles in a gas, a microscale 
mechanism, is the result of their bombardment by 
molecules of the gas (Brownian motion) Diffusion is 
seldom considered for particles larger than 1 m 
diameter As shown in Fig 3, the diffusion cocffiacnt, 
Brownian motion and mobility decrease rapidly with 
Hici easing pailicl e diameter Diffusion can re sult in 
the dep>osition of particles on surfaces in addition to 
that caused by sedimentation and impaction Filters 
use this mechanism pnmanly to capture small par- 
ticles Figure 4 shows which forces most strongly affect 
the collection cffiacncy of a typical filter, illustrating 
the tnflpence of particle size on which force is predom- 
mant and on the total collection efficiency for the filter 
The most penetraung size is in the region between 
mechanisms 

In addition to these phenomena that remove par* 
tides from a stream to a surface, particles may collide 
with each other, due in part to diffusion, and coagulate 
to form larger particles This is the process primarily 
responsible for the removal of very small particles 
from the air and results in a shift in the size distribu- 
tion toward the larger particle sizes 

It IS important to understand these forces m order 
to predict which particles will remain m the air long 
enough to be inhaled, resulting m potential health 
problems, and which will deposit resulting in soiling 
or damage to surfaces Knowledge of the sizes of the 




Mobility icmis dyn) Time to Twmmal \Mocity (s) 

mi. DittusiooCoeffiaenUcfn^/s) ^ S«tthng VAtocity <cni/k) 



Fig 2 Microscale mechanism* Fig 3 Macroscak mechanisms 
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dynamics Companson of these results to actual par- 
ticle size distnbutions will aid m the understanding of 
the speafics of indoor aerial dynamics 

The following paragraphs present the results of a 
literature search aumed at identifying typiesnof sources 
and the sizes of panicles they produce Some of the 
particles included are larger than those normally 
included as aerosols However, due to the character* 
istics of mdoor activity it g sweeping and people 



010 to 
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moving), larger particles (eg cat hair) that will often 
be entrained, if only for short periods, have been 
included Figure 5 shows the reported size ranges for 
many indoor particles grouped by source type Table 1 
presents a summary of the particle types and their 
sizes, as well as bnef notes on their shapes or unusual 



fi% 4 panicle r emovai cfliuency as a fmituuu uf panicle 
size for a typical fibrous fihcr 



particles will also enable the selection of appropnate 

air cleaning meaSOres' 

For additional information, see Fisk et al (1987), 
Hinds <1982) and Nelson et al (1988) 

Aerosol-producing mechanisms 

Aerosols can be classified as either dispersion or 
condensation aerosols Dispersion aerosols are formed 
by mechamcally breaking up a solid or liquid through 
such processes as grinding or atomization or by 
redispersing a powder Condensation aerosols are 
formed when vapors condense or when a gas-phase 
reaction produces an aerosol product In general, 
dispersion aerosols are larger than condensation aero- 
sols and tend to be more polydisperse 
See Fuchs and Stugm (1964) for more information 
The particles in indoor air are produced or become 
airborne by several different mechanisms Fnction 
between moving parts or pieces of furniture will 
produce solid particles, sweeping, vacuuming and 
dusting reentram solid particles, and humidifiers and 
various sprayers produce liquid particles Smoking 
and cooking produce condensation aerosols, both 
sobd and liquid In addition to particles produced by 
these mechanisms, other not so obvious particles, such 
as radon progeny, are produced through processes 
such as nuclear degradation 



PARnCLES IN INDOOK AIR 

An imporuni approach to assessing the indoor 
particulate contamination problem is to identify the 
potential sources of indoor aerosols Then it is pos* 
sible to determine the sizes, phase(s) and typical 
concentrations of the panicles these sources produce 
This information is necessary to determine which 
types of air cleaners will be effiaent in reducing the 
particle concentrations Also with this information, it 
IS possible to begin calculations based on aerosol 



characiefist tcs This table includes the data used to 
generate Fig 5 Note that the data arc reported m 



differing forms, as presented in the hterature Spherical 
particles are represented as a single average diameter 
or by a range of diameters Other shapes are given by 
average dimensions or otherwise as appropriate 
Table 2^ummanze$ .values reported mahe.hterature 
for concentrations produced by specific sources These 
data are hmited since most reports include total mass 
or total number of particles not merely those from a 
specified source 

The sources have been classified into six types 
bioaerosols (plant and animal), mineral, combustion, 
home/personal care and radioactive aerosols 

Plant aerosols 

Bioaerosols contain particles of hving ongin, either 
plant or ammal Plant particles include pollens, 

spores, molds and miscellaneous by-products Most of 
these particles will be of outdoor ongin and will 
infiltrate through windows, doors, cracks and the 
heaung, ventilatmg and air-conditiomng (HVAQ sys- 
tem Of course, when plants are indoors, these par- 
ticles will be produced indoors Molds will usually be 
present indoors, as well as outdoors Plant products 
such as cornstarch will be purely of indoor ongin and 
will be readily apparent to the occupants 

Pollen and spores are given off by plants at certam 
times of the year These particles are often too large to 
remam in the air for prolonged periods However, the 
sweepmg, dusung and vacuuming that are used to 
remove them from floors and other surfaces reentram 
a large percentage of the particles In this way even the 
larger particles can remain an aerosol problem for 
some time These types of particles present a special 
hazard as allergens For many people, allergic reac- 
tions greatly outweigh the potential lung deposition as 
a source of health concern 

Molds arc also a naturally occumng source of plant 
particles These, however, are present all year with the 
greatest concentrations occurring dunng, or immedi- 
ately after, wet or humid periods (either weather or 
indoors due to humidifiers, etc ) One potential source 
for high levels of indoor airborne mold is ultrasonic 
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Fig 5 Sizes of indoor particies 



humidifiers Molds may grow in the stagnant water 
left m the humidifier and then be aerosolized when the 
unit IS reactivated Molds are also potential allergens 
In addition to the health problems, molds can be 
unsightly, will stain surfaces and may rum furniture In 
humid environments mold may grow on HVAC fil- 
ters, thus the air-cleanmg system may exacerbate the 
contamination proUem 

See Hmds (1982) and Ishii ei al (2979) for more 
informauon 

Miscellaneous panicles of plant ongin come from 

such sources as coffee roast soot and cornstarch These 
particles are intentionally introduced to the indoor 
environment by the occupants and either intentionally 
or unintentionally aerosolized Cooking generates 
many particles O^iening containers of finely ground 
grams results m some air contamination However, 
much of this will settle out rapidly and wet cloth clean- 
up yields less rccntramment than vacuuming or sweep- 
ing This type of source is usually confined to a small 
portion of the building, although the particles may be 
earned to the rest of the structure Nonetheless, source 
control or venting is much simpler than for pollens 
and molds 



Animal aerosols 

Bioaerosols are also produced by animals These 
particles may be very small and remain airborne for 
long penods or quite large and only remain in the air 
for short penods This type of particle includes bac- 
teria, viruses, hair, insect parts and dandnilT 

Bacteria have many sources m buildings They may 
come from outdoors by air, m water, on shoes, with 
equipment, etc People transport bactena on their 
clothing, as well as in their bodies Bactena will grow 
indoors m many locaUons Bactena become airborne 
through many mechamsms Since they are small, 
slight breezes may pick them up People aspirate them 
as droplet nuclei House cleanmg, such as sweeping, 
spreads them Toilet flushmg may aerosohze them 
Bactena that grow in duct work, on filters or on fans 
are spread through the HVAC system Ultrasonic 
humidifiers spray them into the air 

For more information, refer to Amow et al (1982), 
Green and Lane (1964), Kmgbt (1980) and Riley 
(1982) 

Bactena present a speaal problem since they repro- 
duce A single bactenum or colony can grow to 
become a major probtem Disease bactena present a 
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TaMe 1 Sum of puocks UiAt may oocur mdoon 



Item 



Diameter (^) 

Laifcst 



MMD 



Noici 



Phase 



PoUens 
Amencao dm 
Bermuda grass 
hUtk walnut 
dovar 



28 

227 

286 



58 

315 

406 



common aUergens sobd 
mH^O 



cors 

Cottonwood 

dandelion 

general 

horse chestnut 
lamb quarters 



75 



JO 
25 



52 



92 



100 
14 



others 
pap e r mulbtny 



26 



100 
22 
25 



258 
310 



02-^29) )c (13-30) 



ragweed 
rye 

Spanish moss 
sugar maple 

Spores 
Bermuda $^ 



com rust 
fern 

fungal 

general 
Johnson grass 
lycoperdon 
iyoojxxlium 
lycopodium 
lycopodium 
maipirmJ %^ 
per?' 



178 



150-200 X 



51 
40 



10 

58 

25 

31 
40 



14 
14 3 



2634 



tiq^oeous 
? lpiical 



222 



500-750 



196 

55 

35 



lencal 

thu! 



Ref 



a 

b 
b 

c 

c 
a 
a 
d 
a 
a 

i 

b 
c 
c 
a 
a 

b 
a 

c 

e.f 

d 

b 

b 

b 



7 
15 



lea«... 
wheat iiarch 

MtscelUmeous general 
bartey gram dust 
carbon black 
cayenne pepper 
coffee 

coffee roast soot 
corncob chaff 
cornstarch 
cotton fiben 
cotton bnters 
gmger 

ground com 

lUu 

tonp 

jute 

kapok 

milied ffour 



30 



spoi 



75 
100 

30 



some 25 ::nc\H --.''Oa 

10-50x2 irm-:) i^ji 
15-25 5< 20) 
10-35x2-3 011 
1 



10-27 2 mm 
17 mm 
45 



70 



i05-4 

.-'^■^.irf^ shapes 

■rm be 



1 

lid 

m 

solid 
sobd 
sobd 
solid 
solid 
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TaUel (contd) 



Item 



Diaineter ()im) 
Smallest Laifest 



MMD 



Notes 



Phase 



Ref 



mustard 


6 




10 







sobd 


a - 


puddmg mu 


3 




148 




55% comstardi 


sohd 


a 


sawdust 


32 




640 






solid 


a 


snuff 


3 




25 






solid 


a 


soybean dust 


5 




2000 






sobd 


a 
















Bacteria 












mixed 


c 


E coU 


2 


X 


14 




cyUnder 




c 


Seneaia mdtca 


10 


X 


20 




cylmder 




c 


Serratia marcescens 


12 


X 


20 




cylinder 




c 




16 


X 


30 




cylinder 




£ 


Bactena— general 


03 




30 








d 


Bactenophage 












mixed 




£ coh'T-3 


002 




005 




sphencal 




c 


Bone dutt _ 


3 




385 






sobd 


a 


Droplet nuclei** 


05 




5 






bqtiid 


h 


Dust mite feces 


10 




43 


24 


common allergen 


soua 


1 


when dismtegrated 


Ob 




14 






solid 


t 


Epithdial odls 








20 




sobd 


a 


(human)t 
















— Gelalm 


1 





-.90 ..... 







. 8ohd^ 


a 


Hair 










• 

can be allergens 


sobd 




fruit bat 








to 50+ 


1-1 5 cm long 




a 


Siamese cat type 1 


50 




70 




width 




a 


Siamese cat tvDC 2 


25 




35 




width 




a 


dog — small 


10 




90 








a 


(Jog — large 


10 




75 








a 


mohair 


10 




90 








a 


wool 


10 




70 




common allergen 




a g 


human 


50 




150 








a 


IB poll *jy^ * 


100 








width 




a 


raoDii (/pc * 


5 




30 


135 








I10US6 oufi niiic 


100 




300 






solid 


■'J 


inspect p<u i9 










varv 


solid 


a 


k>piUCa WCD 








-17 


Width 


solid 


a 


Snrav dned milk 


03 




10 






sobd 


d 










-50 






a 


Viruses 


003 




005 






mixed 


d 








Miwral aerosols 








ASDCSIOS 






05 




irregular 


solid 


Q 




<1 wide fibnls make up 70«f wide 


bundles 




solid 


a 




0] 




065 






k 




065 




20 






sobd 


k 


avivtn iiilfit 






50 




irregular 


sobd 




iiUui giapuits 


0002 




2 




diauis of sphere 


sohd 


c 


r^j»mrat duct 


3 




100 






sobd 


d 


Coal dust 


1 




100 






sobd 


d 


Clay 


0] 




40 






sobd 


c 


Fl*rt]Il9!0T 


10 




1000 






sobd 


d 










8 


diameter 


sobd 


a 


Glass wool 


3 




15 


10 


Width 


sobd 




WlUUUU Uii1C9(VSW 


10 




1000 






sdid 


d 


Ground talc 


05 




50 






sobd 


d 


Iron 


36 




20 






sohd 


k 


Lead 


01 




065 






sobd 


k 


Lead dust 








22 




sobd 


c 


Man-made mineral 


0 




2000 




length and 


sobd 


1 


fibers (MMMF) 










diameters 
nominal 






M MMF— msulatjon 


3 




15 






m 


—textiles 


6 




20 








m 


— specia] use 






<15 




length 




m 


5 




1000 


25 




a 


Metallurgical dusts 


0001 




100 






sohd 


d 


and fumes 












solid 




NH*a fume 


01 




3 






d 
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TaUel (ooDtd) 



Item 



Dunteter (^) 
Smaileit Largeit 



MMD 



Phase 



Rflf 



SiiUshami 

Seaialt 

Talc 

mscroiuzed 

coane 



003 



If 
05 



20 



25 
16 



irregular 
irregular 



lobd- 

solid 

lolid 



iolid 



c 
d 

s 
a 
k 



Auto emissions 
Bunung wood 
Cbanne! black 
Cigarette smoke, 

nainstreani 
Flaming Xmas tree 



J 

<03 
<05 
025 



Combustion agroaoU 

120+ 
>25 
100 
5 

018-037 



can be allergeaic 
can be ] 



sobd, bquid 
sobd» liquid 



Flaming cooking oil 
Fly ash 



volumetric modes sobd, bquid 

solid, hqmd 



a 

8.0 

a 

P 



08-04 



-200- 



iiphffncal and 



solid, bqtud 
anlid 



Fly ash 
Oil smoke 
Pulvenzed coaJ 

uuhty boiler 

fiue gas 

R«sm~smokc 

Smoldering cook od 
Tobacco smoke 
Wood burning in 

fireplace 

hard, softwood, fake 

Anuperspirant 

during spray 

persistent 
Dusting aid 

dunng spray 

persistent 
Hair spray 

dunng spray 

persistent 
Paint 

dunng spray 

persistent 
Acetate 
Acrylic 
Air freshener 
Alkali iume 
Anti-stick spray 

1 nun after 

40 mm after 

90 mm after 
Fabnc protector 
Face powder 

mixture of 



Humidifier 
Insectwute dusu 
Lmt plant, ammal 

and man-made fibers 
Nebuhzer drops 
Nylon, bnght 
Nylon, semiduU 
Paint pigments 
Pamt spray dust 

individual sphera; 

clumps 
Photocopier toner 



<1 
003 



001 



2000 
1 



J 
1 



irregular 



016-O16 
017 



Home/personal care aerosols 

68-811 
$9-121 

84-124 
64-75 

28-34 
45-62 

81-97 
71-87 



conomon allergen 
can be allergen 



can be allergen 



solid 

sohd, hquid 



solid, liquid 
SQlidJiqmd„ 



solid, hquid 
solid, hquid 
sobd, bquid 



liqwd 



bquid 



20 

20 
02 
01 

055 
045 
<02 



30 
30 

2 

5 

2 

19 
18 



-17 



-17 

-09 
26-4 



can be allergen 



width 
width 

can be aUergen 



bquid 

hquid 
bquiB 



hquid 





-1 


3 


27 


5 


30 


6 


8 


05 


10 


10 


90 


1 


20 


20 


30 


01 


5 


8 


100 


50 


1000 



<25 



15 



hquid 
hqutd 
hqiud 

sohd 



can cany allergens hquid 
hquid 



can be allergenic 
talc 75% 



MgCO, 



^15 



width 
width 

can be allergen 



can be allergemc 
binder 



hqmd 
sobd 
sohd 
sobd 

sohd 



n 
d 



r 

,d . 

d,g 
s 



8 
t 
t 

t 
t 

t 

t 

8 
t 
t 
a 
a 

d 

V 
V 
V 

t 

8 
a 



d 

a 
d 
a 
a 
d 

8 
a 
a 

8 
a 
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Tabic 1 


(comd) 








Item 


Diameter i/im) 
Smallest Largest 


MMD 


Notes 


Phase 


Ref 
















Poiycsier 
Rayon 

Rayon, viscous 


<iy5 

10 

10 


13 

It 

50 

Radioactive aerosols 


pigment 
width 
width 
width 


sotid 

solid 
solid 
solid 


'~ 'a 
a 
a 
a 


Radon progeny 


0005 
0001 


04 
10 






soitd 


w 

X 



• Droplet nuclei produced by coughmg. sneezing and talkmg cany the infectious organisms 
t Dandruff is one or more epithelial cells 

(a) McCronc and Delly (1973), (b) Duke Scientific Corporation (1985X (c) Girman et al (1982). Id) Hinds (1982) (e) Burg 
and Solomon (1987). (f) Ishii al (1979), (g) Faelien et at (1983). (b) UForoc (1986), (i) Anderson and Korsgaard (1986), 
(0 Academic Amancan Encyc l opedi a (1988), (k) Fl o cchmi (1977), (i)T»nfl (t9RS). (m) Rtk>y (1987). (n) Drrnis (1976) (n) Rai^ 
haUim^ « ^ 0985), (q) Krafthefer and Lee (1984), (r) McElroy et al (1982X (s) Dasch (1982). (t) Mokler et al 



T1 97 96) (U) Ga r diici and Fmley (1983), (v) MiglisiiiiUi tt J (1 9 88). (w) WaUh it al ( 198 4 ) (a) Pa r khuwt e t al (198 8 ) 



problem in addition to that of nonliving aerosol since 

they may cause illness "Droplctnuclci arc m the size 

range shown to have increased infcctiviiy when aspir- 
ated Bactcnal infection may spread through an entire 
buildmg through the very equipment intended to 
punfy the air However, m many cases bactcna can be 
controlled using standard disinfectants— a disinfected 
bathroom spreads fewer bactcna than one that is 
neglected Bactcna may attach to other particles and 
be transported with them 

Another animal aerosol is viruses The sources and 
problems that are explained above for bacteria apply 
to viruses as well However, viruses are much smaller 
than bactena, will stay airborne longer and will be less 
likely to be caught by filters In addition, some disin- 
fecting methods that would be effective against many 
bactcna will not kill viruses 

See Brundage et al (1988) and Kmght (1980) 

The next category in the summary table is that of 
hair Although most hairs arc too big to remain 
aerosols for extended pcnods, they will be m the air at 
least occasionally Hairs are produced by many ani- 
mals including pets and humans They become air- 
borne as a result of falling out, trimming and brushing 
Again certain types of cleaning, such as sweeping, 
cause these panicles to become reentrained after 
setthng out of tlw air stream In addition to inhalation 
problems, hairs are important from the allergy and 
soiling perspectives However, longer hairs are rel- 
atively easy to collect and will become trapped in a 
standard vacuum cleaner or on a filter if they remain 
airborne long enough 

Epithelial (skin) cells flake off humans and animals 
Dandruff is simply two or more epithelial cells clump- 
ed together These cells arc shed as a normal part of 
growth After they are shed, they may become air- 
borne or remain on a surface The aerosolized par- 
ticles may settle out and become room dust or stay m 
the air as inhalablc particles 



Insects and arachnids (the family that includes 
spidersj also produce -paTtictes-4nscet -parts -atid- by- 
products can become aerosol particles These animals 
and their by-products may come from outdoors In the 
case of smaller arachmds, such as mttes, the source is 
indoor infestation, usually m upholstered funuture. 
beds and dusty comers These particles enter the air 
through windows, breezes and household cleaning 
Problems presented by this type of particle include 
allergic reactions and soiling These particles may 
carry bactena or viruses that lead to disease 

One example of this, and one of the most talked 
about sources of particles at this time, is the house dust 
mite The house dust mite itself is too large lo be 
readily airborne although its parts may be The house 
dust mile's feces are considered to be a major source of 
the allergic reaction some people have to indoor dust 
The fecal pellets disintegrate to form particles in the 
rcspirable range The most commonly recommended 
methods to reduce exposure to this allergen do not 
involve air cleaners Reduction of household humidity 
to 45% relative humidity or less is rccomnKnded to 
control the growth of macs, but the most stressed 
methods for reductions arc frequent cleaning and 
removal of breeding grounds For persons with this 
allergy, removal of all rugs and carpets, covering beds 
with plastic sheets, frequent changing of bed hnen and 
frequent floor cleaning, etc , are recommended How- 
ever, literature discussing the effectiveness of air- 
cleaning devices m controlling the allergic reaction 
was not found 

For more information see Ishii et al (1979) 

Mineral aerosols 

Mineral aerosols are produced when nonorganic 
matter is broken down by natural processes such as 
weathenng or artificial processes such as gnnding 
Many of these particles arc produced outdoors and 
enter through windows and cracks or are brought 



M K OWEN««l 



> «- 



00 

s 



OH 



8 8 



o e 



« It 

E e E" 

«2 w <e *; 
c e e § 

^ ^ ^ Ob 
DO OA oc e 

^ i 

iili 

*2 «2 «2 

c 

p e B o 

ja "o "o 75 o 
c o u u 

I 



1 I 



J* cs 
M»fs o 

Q 

S 



2* 



25 S 



X X 



III 



I. 



E 



s I g 

lllli 



3 e 



ft> 41 W 

« > > 

goo 



Airborne partidc siks and sources ^^^^ 



JZ JZ JS 



lie 
» ~ 

o o e 



II 

1- 



■ c 

s c 

1 c 



s5 



EE E 
£ E p 

-H+l 



« 00 » E ec » 
£ E E ^ EE 
2S e> c V CM 



E E 
fi E 

^ s 



IS. 

I 



+1 



8-5 



i 

o 



I 
1 



s «> 

as 



5 c a S ^ c 



ee ^ 5 S 
» « no 6. 



|i 

S £ 

ii 

t3 f 



J' ir\ cc 

. OO 0» 

ace w 



rs 



O fM I— 

£ 21 



o 
o 

c — 



OD 00 

3S 



.c 



£ ' 

3 



"8 fcrl-a 



o 5 ^ 
o tS ^ 

= e ^ 

S £ 5 

^ u ^ 

cx £ XI 
*> 5 !? 

W -C ,•- 
U] C/3 '-^ 
• 



5 = 

c ^ 
en ^ 

3"^ 



2160 



M K OWEN cf el 



indoors by occupants Other types of these particles 
are produced indoon These particles do not present 
the mfectioQ potential of the animal aerosols but may 
be caranogcnic or mutagcmc They also present prob- 
lernTby contSrilnatm environments and" 

soilmg furniture, etc These particles include asbestos, 
carbons, clays, elemental particles and artifiaa) fibers 
Asbestos, a major concern for building and health 
rarg prnfessiona ls, ts a carcmoRcnic fiber, formerly 



partK;!^ m smoking environments, is an extremely 
comjdex substance It contains particles and organic 
compounds The hquid panicles and gases may wn- 
dense on filters, then outgas later This substance is 
prcMauced1)y~smot!ngcigaTettcsrpipBsrctcr^ 
smoke particles are almost all withm the respirable 
range with the vast majority smaller than 1 /on 
Tobacco smoke creates allergy and odor problems 
The deposition of particles may require more frequent 



used m insulation Asbestos, as an indoor air contam- 
inant, occurs when the coating over asbestos insul- 
ation degrades, releasmg fibers mto the air and dunng 
mitigation when asbestos is removed from buildings 
The first situation requires resealmg or removal The 
removal procedure requires special containment ap- 
paratus Asbesi g s is an important souic e of indour an 

p^n,.t.r>ti hilt IS n ot an influential particle tVPC W the Industnal sou rces play a part even m mdoor air 



or extensive cleaning of drapes and funuturc 

Burmng wood and other heating fuels, as well as 
cooking sources, also produce particles These par- 
ticles are also mostly m the respirable range and 
should be considered m any lAQ control plan These 
sources are often difficult to eliminate as they are 
iiitegiaJ t o th e o cc upants' comfort and lif es tyl e 



choosing of ventilation and air-cleanmg strategies 
since asbestos contamination must be addressed as a 
separate issue frdm routine indoor m quality 

Talc IS another source of mineral-based particles 
that-isx^ften mdoor-in ongm TJicse-particlcs jnakeup 
the majonty of many types of body powders Thus, 
they are introduced into the air by the occupants at 
controllable intervals While many of these particles 
settle out of the air rapidly, others are inhaled espe- 
cially since the powders are usually used close to or 
within the breathing zone 

Man-made mineral fibers (MMMF)are used exten- 
sively in building matenals, manufactured products 
and textiles They may be manufactured from cer- 
amics, glass, rock, etc These fibers may enter with the 
outdoor air Indoors, MMMF can be generated in 
ventilation systems or when ceiling boards arc dam- 
aged MMMF handlers have reported skin imtation, 
respiratory tract imtation and eye problems Other 
mineral particles vary greatly m size and shape, but 
need to be addressed in prevenUng then- infiltration or 
extracting them from the air stream Again they may 
be inhaled if m the appropnate size range and can be a 
source of costly contamination to sensitive equipment 

Combustion aerosols 

Combustion aerosols are produced by burmng 
Among the sources of this type of particle arc cigar- 
ettes and other tobacco products, cooking sources, 
heating appliances and industrial plants These par- 
ticles are produced m a gas stream and are lifted by the 
hot air into the surrounding environment Particles 
produced outdoors may enter through windows, 
doors, cracks or the HVAC system Most of these 
particles are m the respirable range and need to be 
taken into consideration when desigmng an air quality 
control system These sources are frequently con- 
sidered for individual source venting, e g the chimney 
for the fireplace and the hood for the range These 
particles are a major source both of outdoor and 
mdoor particles 
Tobacco smoke, as the leading source of aerosol 



These sources may pollute the ambient air m some 
regions to the extent that they contribute noticeably to 
the mdoor particle counts In these cases tight controls 
on mlet air are important mcluding filtration of the 
ambieM ajT M It fentOTj^^^^^ system 



Home/personal care aerosols 

These products, including antiperspirants, dusting 
aids and hair sprays, are mostly sprays used in the 
home These products arc designed to produce par- 
ticles m order to dehver a product Note that in Tables 
1 and 2 sizes are reported as a range of MMDs, 
therefore, the sues m the distnbution may vary con- 
siderably from these numbers These products pro- 
duce a i^atively small amount of mass but do so in a 
short period of tune so that the imtial concentration is 
quite high Since most of the use of these products is m 
the breathing zone, the dose delivered may be quite 
high One of the problems pecuhar to this type of 
aerosol is that these products are often designed to 
stick to surfaces When this occurs to unintended 
surfaces, it often results in cleaning jfM-oblems The 
smaller partides become part of the arculating air 
stream 

Humidifiers are a relatively recent source of con- 
cern Research has shown that, along with the water 
droplets that are the intended output of humidifiers, 
these devices produce mineral and living aerosol par- 
ticles Most of the minerals dissolved in tap water can 
become aerosol particles, possibly aggravating the 
health conditions that the uniu were intended to help 
Fungus and bactena may grow in the units and 
become aerosols The vaporizer type of humidifier 
produces fewer of these living particles In addition to 
the health nsks involved with both hving and mineral 
aerosols, these particles may cause soihng of walls and 
fioors Deionized, distilled or at least filtered water is 
recommended for use m these umts 

The other products m this category are sources 
found indoors after certain activities which can to 
some extent be controlled or at least monitored Still, 
all are considered necessary at times and present 
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health hazards by their chemical nature m addition to 
the particle size lAQ control strategics need to be 
adjusted whenever these sources arc to be introduced 

Rud^active aer0S0k~ 



Radioactive aerosols are introdu^ into the mdoor 
environment when radon enters through cracks m the 
basement or floor, in the water, and from exposed rock 
ny y^tyn ps Radpn decavs to form radon progeny 



through nuclear dcgradauon These particles arc ultra 
small and may attach to larger particles 



Chang P T, Peters L K and Ueno Y (1985) Particle sik 
distnbuuon of mamstreani cigarette smoke and undergo- 
ing dilution Aerosol Sci Technol 4, 191-207 

E^h J M (1982) Particulate and gaseous emissions from 
wood-burning fircplaoes Envn Set Technol J6 

Dennu R"(ed) (1976) HMbobk on Aerosols Technical 
Information Center, Energy Research Development Ad- 
ministration 

Duke Scientific Corporation (1985) Bulletin 83. Palo Alto, 
CA 



SUMMARY 



Un df rst andmg l"^^"*' rn^nk « impnrtaTit sn that 



control techniques may be implemented to reduce 
damaging health effects and soiling problems A bnei 
look at the mechanics of deposition in the lungs and 
on surfaces shows that particle diameters must be 
known to predict dose or soihng and to determine 
efiknent mitigati on dev ices Particle sizes produ ced by 
"The various mdobr sources, as well as unusual aspects 
of each type of source must be known so that this 
process may begin 

There are several types of indoor particles plant 
and animal bioacrosols and mineral, combustion and 
home/personal care aerosols These types may be 
produced indoors or outdoors, enlenng through 
building openings The sources may be short term, 
seasonal or continuous Particle sizes produced vary 
from submicrometer to larger than \0m The par> 
tides may be toxic, allergenic or neutral All of these 
particles contribute to the indoor aerosol problem 
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